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of the true shade is to be found in the popularly named ‘“‘ False Sapphire” 
or CYANITE from the far-famed St. Gothard. A trip by our collector 
and considerable work done for us yielded some superb specimens, This 
locality has been known for over half a century;.but like many others in 
Switzerland, is quite unworkable, save during two months of the year, and 
rarely visited even then. Thus the specimens are not new—just vastly supe- 
rior to those in the large museums, all of which have the early specimens, but 
are fast replacing them with the later ones. é 
Months of expert work were devoted to the careful removal of the Para- 
gonite matrix, exposing the transparent blue crystals associated with lustrous 
dark brown Staurolites, often in parallel and penetrating habits. This is 
* mentioned in some of the mineralogies, which likewise add ‘‘ rarely termi- 
nated.” Yet we have perfectly terminated Cyanites six inches long, pene- 
trating the length of a Staurolite. This peculiarity, together with the 
contrasting blues and browns standing out on the pearly background, affords 
one of the most striking combinations to be seen in any collection. 
The stock of really fine specimens is limitedand rapidly diminishing. 50c. 
to $15.00. 
Detached Crystals, 25c. per dozen to $1.00 each. 
Terminated Crystals, 50c. to $2.00 each. 


OTHER SWISS MINERALS. 


We secured by. exchange the few duplicates left in one of the oldest of 
European collections. Among them were the following historical things of 
high value: Hisenrose, Sphene, Octahedral Rose Fluor, Awinite, Apatite, 


Green Fluor, Smoky Quartz, etc., ete. 


EDUCATIONAL COLLECTIONS. 


For 26 years we have supplied mining schools, universities, colleges and 
secondary schools throughout the world with mineralogical material. Dur- 
ing that period the quality of our elementary and advanced collections has 
steadily improved, so that to-day the highest grade of study specimens are 
offered at unprecedentedly low prices. An inspection of our’ Laboratory 
List will show that European minerals are sold not simply below American 
prices, but often at lower rates than prevail in Europe. The wide connec- 
tions of our European house alone permit this economy to the consumer, 
our prices being the same on both sides of the Atlantic. If in Paris this 
summer favor us with a call—15 minutes from the Opera Quarter. 


Illustrated Collection Catalog Free. 


The Largest and Most Complete Stock of Scientific and Educational Minerals 
in the World. Highest Awards at Nine Expositions. 


FORMERLY DR. A. E. FOOTE, 
PHILADELPHIA, PARIS, 


1317 Arch Street. 24 Rue du Champ de Mars. 
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Art. I.—On Spectra Arising from the Dissociation of Water 
Vapor, and the Presence of Dark Lines in these Spectra ; 
by TrRowsripGe. (With Plate I.) 


In passing from the study of the light emitted by gases 
under the effect of electrical discharges of comparatively small 
quantity to the investigation of the light produced by dis- 
charges of great quantity, a new field of research is entered. 
In previous papers on the spectra of hydrogen, I have stated 


my convictions of the importance of the role played by 
water vapor in spectrum tubes. The results of further study 
emphasize these convictions. With powerful discharges in 
hydrogen, oxygen, and rarified air, I always obtain the same 
spectrum, which I regard as that arising from the dissociation 
of rarified water vapor. The line spectrum, moreover, is 
accompanied by a faint continuous spectrum on which are dark 
lines, which indicate a selective reversibility in the silver salt, 
which is of great significance, it seems to me, in the applica- 
tions of photography to astrophysics. 

It has long been recognized that spectrum analysis is an 
extremely delicate method of recognizing the presence of a gas 
or the vapor of a metal under the excitation of heat ; and when 
the improvements in photography enabled us to obtain per- 
manent records of the spectra of gases, it was supposed that we 
had a means of escaping from the fallacies of eye observations 
which arose necessarily from personal idiosyncracies. If the 
photographic plate were a perfect instrument for recording the 
Infinite number of vibrations which light can communicate to 
atoms of matter, we should certainly feel that we had made a 

reat advance in physical science. hen we reflect, however, 
on the belief that emulsions containing silver salts are capable 
of responding to all wave lengths of light in. the portion of 
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the spectrum considered most actinic, even when the light ex- 
ceeds a certain intensity, we are conscious that we cannot rely 
upon an infinite range of photochemical action; and I shall 
show in this paper the existence of a selective reversibility 
produced on the photographic plate by powerful discharges of 
electricity through capillary tubes. 

Realizing the importance of studying the behavior of gases 
under different forms of excitation, I have collected in the 
rooms devoted in the laboratory to spectrum analysis three 
forms of apparatus: an induction coil actuated by a very effi- 
cient liquid break, giving a spark of thirty inches in air; a 
step-up transformer excited by an alternating current, pro- 
ducing with glass condensers of about °3 microfarad, dis- 
charges of an inch in length, of great body; and a storage 
battery of twenty thousand cells. A plant of this nature I 
conceive to be necessary in the present state of spectrum anal- 
ysis, for molecular motions excited in rarified gases vary greatly 
with the kind of electrical discharge. In the application of 
photography to spectrum analysis, the investigator is immedi- 
ately confronted with the necessity of submitting the gas toa 
comparatively long electrical stimulus in order to obtain a 
negative. Even with a concave grating of short focus several 
discharges are necessary with a narrow slit. Each discharge is 
capable of modifying the condition of the gas. This fact is 
well recognized by taking successive photographs of the light 
emitted by a spectrum tube under different strengths of cur- 
rent upon the same photographic plate. A simple form of 
plate holder enables this to be done. One obtains a striking 
example of the instability of the spectrum tube filled with 
apparently dry hydrogen when one subjects it first to very 
powerful discharges from a glass condenser of °6 microfarad, 
charged by a storage battery of twenty thousand cells, with 
practically no self-induction in the circuit; and follows this 
excitation by the use of an alternating discharge of much less 
quantity. The powerful discharge gives what I term the water 
vapor spectrum; and after a certain number of these dis- 
charges one obtains with the alternating current discharges the 
spectra of argon. This results, I suppose, from the oxidization 
of traces of air in the tube. The hydrogen has disappeared 
momentarily; possibly the dissociation of the water vapor 
resulted in concealing its presence. 

The period of the condenser discharges which I have em- 
ployed varied from one five hundred thousandth of a second 
to one millionth. The practically instantaneous current varied 
from five thousand amperes to ten thousand. The revolving 
mirror method showed that the pilot spark was mainly effect- 
ive, and that the subsidiary oscillations were feeble. The 
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spectrum tube speedily became milk white from the sodium 
set free from the glass. 

Lord Rayleigh* has shown how to demonstrate the presence 
of argon from very small quantities of air. My method issub- 
stantially his, except that I employ very powerful discharges 
which set free a sufficient amount of sodium vapor from the 
glass, and the oxygen is supplied from the dissociation of the 
water vapor, which is always in evidence when such powerful 
discharges are employed. The production of argon under 
these circumstances is a striking proof that I am dealing in 
this investigation with the spectrum of the dissociation of 
water vapor. From the same tube one can, by modifying the 
strength and character of the electrical discharges, obtain what 
is termed the four-line spectrum of hydrogen, the spectrum of 
sodium, the spectrum of argon, and the spectrum of the dis- 
sociation of water vapor. Doubtless one* could also recognize 
the spectrum of helium; I am not yet sufficiently familiar 
with it. 

In the course of a study of the water vapor spectrum one is 
naturally led to photograph the spectrum of the electric spark 
under water. It is possible to obtain powerful discharges of 
any suitable Jength under distilled water by enclosing the spark 
terminals in glass tubes, allowing only a small portion of the 
platinum terminals to project from the ends of the tubes. If 
the terminals are immersed more than an inch under water, 
the resulting explosion is apt to break the glass-containing 
vessel. The light of these discharges under distilled water is 
white and extraordinarily brilliant to the eye. When it is ex- 
amined by the spectroscope one sees a continuous spectrum ; 
and one obtains a continuous spectrum even by photography 
in the most actinic portion of the spectrum. On bringing the 
spark terminals to the surface of the water, leaving them barely 
immersed, one immediately obtains the so called four-line spec- 
trum of hydrogen. To what is due the continuous spectrum 
under water? Does it result from the production of the water 
vapor spectrum under great pressure? That there is great 
pressure is shown by the sudden explosion, which is sufficient 
to blow the small tamping of water out of both ends of the 
containing tube. If the surface of the water is covered with 
a thin film of oil, this oil is immediately disseminated through 
the water, a milky white emulsion, which remains for days. 

When we turn to powerful discharges through Geissler or 
Plucker tubes filled with hydrogen which has been dried with 
great care, we also obtain a continuous spectrum on which are 
superposed the bright lines of the water vapor spectrum, 
together with certain reversed lines, giving on the positive 


* Phil. Mag. (6), vol. i, 1901, p. 103. 
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dark lines instead of bright lines. Moreover, what are ap- 
parently the strongest bright lines of the water vapor spec- 
trum are not reversed. There is a selective reversibility which 
arises with high temperatures, and is made evident by the faint 
background of the continuous spectrum. 

This fact seems to me to be of great importance in the appli- 
cation of photography to the study of celestial phenomena, for 
reversal of spectrum lines do not necessarily indicate reversing 
layers of cooler gas, and may be a photochemical action of the 
silver plate. 

One immediately thinks in this connection of the phenome- 
non of dark lightning or the Clayden effect, and of the sug- 

estive experiments of Professor Nipher.* Spectrum analysis, 
10wever, reveals a selective reversibility, which shows that the 
subject of photochemistry must be carefully studied before we 
can interpret properly the records of photography in spectrum 
analysis. 

There are doubtless many states of vibration even. in the 
actinic portion of the spectrum which are not recorded by the 
silver salts, for a selective reversing action may obliterate or 
prevent a permanent record. 

I have obtained this reversing action with different emul- 
sions on glass and also on celluloid films. The strongest 
reversals are at wave lengths 4227, 3930, 3965. There is also 
a reversed band between wave lengths 4315 approximately 
and 4285, and a faint reversal at wave length 3953. Rever- 
sals are often seen on the negatives which disappear in the 
fixing bath.t 

In this investigation ten thousand storage cells were em- 
ployed to charge a glass condenser of ‘60 microfarads. The 
charge was sent through Geissler tubes having an internal bore 
of one millimeter; the length of the capillary of this diameter 
was from eight to ten centimeters. The tubes were filled with 
——v dry hydrogen at a pressure of approximately -1™". 

have reached a limit in submitting gases in glass tubes to 
powerful electric discharges, and am now turning my atten- 
tion to the subject of quartz tubes in the hope of obtaining 
these in a suitable form for containing rarified gases. 

In a previous paper,t I have expressed my conviction that 
the four-line spectrum observed in the protuberances of the 
sun is an evidence of the dissociation of water vapor in the 
sun’s atmosphere, and an evidence therefore of the presence 


* Transactions Academy of St. Louis, vol. x, No. 6, On certain properties 
of light struck photographic plates. 

+ In this connection the following paper is significant: Disappearance of 
images on photographic plates. William J. S. Lockyer, Nature, Jan. 17, 
1901. 


t This Journal, vol. x, Sept. 1900. 
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of oxygen. In the spectrum one sees two reversed bands 
which coincide with the great H. H. lines in the solar spee- 
trum; one also sees a reversed line at wave length 4227, closely 
coincident with a strong solar line; one has also a reversed 
band coinciding with a region of reversals in the sun between 
wave lengths 4315-4285. These regions in the sun are doubt- 
less composite photographs of many reversals of different ele- 
ments. I believe, however, that the basis of the reversals is 
the presence of dissociated water vapor. 

The nomenclature, too, of the stars in relation to their spec- 
tra I believe should be changed to dissociation spectra; an 
excess of water vapor produces what is termed the hydrogen 
type, and the dissociation of this water vapor in the presence 
of other gases, nitrogen for instance, together with metallic 
vapors, may account for other types. 

The intense light due to the dissociation of water vapor 
may, in some cases, mask the fainter light of the metallic lines 
in the stars which show only gaseous spectra, especially when 
we consider the varying distances of the stars. I have em- 
ployed electrodes of platinum, copper, silver, aluminum, iron, 
and aluminum, and no trace of the lines of their vapor can be 
perceived in the photograph of the gaseous dissociation spectra ; 
moreover, when sodium is present in the spectrum tubes, 
although it fills the tube with a brilliant yellow light at low 
voltage and strong currents, and exhibits the sodium /:nes very 
strongly, no trace is seen of it, with very powerful discharges. 
The tubes then show only the brilliant white light due to the 
dissociation of water vapor: a light which is the nearest ap- 
proach to sunlight which I have been able to produce. Its 
actinic effect is greater than that of any of the metals, such as 
magnesium, aluminum or zine. Possibly the varying amount 
of water vapor may be a factor in the variability of certain 
stars; and one is led to conjecture whether the light of the 
sun’s atmosphere is not due to an electrical dissociation due to 
discharges of very high period. 

The selective reversibility of the silver salts seems to me of 
momentous importance in the subject of astrophysics; for we 
have reversible actions on the photographic plate which are 
not due to the radiations of a gas passing through colder layers 
of the gas. In other words, we have actions recorded which 
are photochemical and are not in the heavens. It may be that 
certain reversals observed in the spectrum of Nova Persei may 
be of this nature. This selective reversibility serves to reveal 
certain lines which escape observation. Thus we see that 
there is a gaseous line at wave length 4227, and a line not 
shown on the reproductions but clearly seen on the negatives 
between the great H. H. lines, having a wave length of 3953. 
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The silver salt, therefore, does not respond to all rates of 
vibration ; or if it does respond, the molecule is unstable and 
there is no resultant reaction which is evidenced by a photo- 
graphic image. There may be spectra at very high instan- 
taneous temperatures which we cannot phctograph. It seems 
reasonable to suppose that the silver molecule is limited in its 
rates of vibration and that the photographic plate as well as 
the human eye is a limited instrument of research. 

On Plate I, A represents the solar spectrum in the neighbor- 
hood of the great H. H. lines. B represents the gaseous spec- 
tra. The photographs were taken with a Rowland concave 
grating, and are not enlarged or touched in any way. Unfor- 
tunately the reproductions do not give many of the reversals, 
Figs. 1 and 2, B are spectra of air and oxygen taken with a 
comparatively low voltage and amperage at a pressure of about 
one millimeter. Fig. 3 is a spectra of hydrogen under the 
same conditions. Fig. 4 is the spectrum arising from the dis- 
sociation of water vapor with very powerful discharges. Fig. 5 
shows a selective reversal line at approximately 4227. On the 
negative the two bright gaseous lines, which in fig. 4 closely 
coincide with the great H. H. lines, are seen to be reversed 
and appear as dark lines. This reversal is shown in fig. 7. 
B of fig. 7 closely resembles in general features the solar spec- 
trum when the latter is photographed with a broad slit, so as 
to obliterate details and give broad characteristics. 

My conclusions are as follows: 

Dissociation of water vapor takes place in the atmosphere of 
the sun; oxygen, therefore, must be present. From a careful 
study of my negatives, I regard the evidence for the presence 
of water vapor as conclusive as that accepted for the presence 
of sodium in the sun. 

The dissociation of water vapor, under the effect of power- 
ful electric discharges in the presence of small amounts of 
atmospheric air, results in the production of argon even in 
tubes presumably filled with dry hydrogen. 

The spectrum arising from the dissociation of water vapor 
contains dark lines as well as bright lines. _These dark lines 
are due to a selective reversibility of the silver salt employed 
in the photographic emulsions, and are not due to the reversing 
action of a cooler layer of gas. The great brilliancy of the 
dissociation spectrum of water vapor, which obscures the 
spectra of metallic vapors: and the presence of dark lines due 
to photochemical reversals, make one cautious in accepting 
photographic evidence in regard to states of development of 
stars. 


Jefferson Physical Laboratory, 
Harvard University. 
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Art. Il.— Occurrence of Greenockite on Calcite from Joplin, 
Missouri ; by H. B. Cornwa ct. 


A YELLOW coating of greenockite on the sphalerite of the 
Joplin zine district is no uncommon occurrence, and having 
received, through the kindness of Messrs. Geo. L. English & 
Co., of New York, specimens of calcite from this locality 
which showed a very distinct greenockite coating, the writer 
made tests upon the material, to determine what proportion of 
cadmium sulphide the coating might contain. 

The greenockite occurs as a bright yellow, dust-like coating, 
which can be easily rubbed off with the finger. Beneath the 

reenockite coating, and often extending beyond it, there is, 
or the most part, a brown or yellowish brown, more adherent 
deposit, in a thin layer which can be easily scaled off with the 
knife-point. This seems to be sphalerite. 

The greenockite was removed by very gentle scraping with 
the knife and subjected to the tests below. Although in 
places it is very distinct, the coating is also very light, and 
from an area nearly two centimeters square not more than 
00014 grm. of the purest material could be obtained. Even 
this portion was found to be mixed with zinc compounds from 
the scale-like deposit below it. 

Gently roasted on platinum foil over a Bunsen flame, the 
powder on cooling was brown in some parts, and nearly white 
(distinctly yellow while hot) in others, indicating cadmium and 
zine oxides.* The roasted powder, mixed with an abundance 
of charcoal dust and heated to moderate redness in a closed 
glass tube, gave a brownish sublimate (cadmium oxide), and 
on stronger heating a less volatile sublimate, yellow while hot, 
white on cooling (zine oxide). 

On roasting 0°0014 grm. in a small platinum dish, dissolving 
the residue in sulphuric acid, evaporating and gently igniting, 
a residue was obtained which weighed 0°002 grm. Theory 
requires from pure cadmium sulphide 000202 grm. of cadmium 
sulphate; but as a mixture of sphalerite and calcite similarly 
treated might give the same figures, this result does not 
indicate with any certainty the proportion of cadmium in this 
lot of material. 

A second lot, also weighing 00014 grm., was dissolved in 
nitric acid, evaporated to dryness with sulphuric acid, and 
heated to expel all free acid, the residue treated with a single 
drop of hydrochloric acid, sp. gr. 1°20, and dissolved in four 

*When not too strongly heated at first, the yellow coating assumes a 
— dark brown or reddish-brown color, and becomes yellow again on 
cooling. 
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cubic centimeters of water. The whole was then saturated with 
hydrogen sulphide gas, giving very quickly a yellow precipitate, 
and this, after letting the gas act long enough, was filtered off, 
dissolved in strong hydrochloric acid, evaporated with sulphuric 
acid, ignited and weighed as sulphate. By this means the 
coating tested was found to contain 23°07 per cent of cadmium, 
or 29°66 of cadmium sulphide. It should be said that the 
coating yields sulphur dioxide when roasted. 

By comparing the liquid holding in suspension this cad- 
mium sulphide with another in which a known amount of cad- 
mium sulphide had been precipitated, it had already been 
estimated that the yellow coating on the calcite contained not 
less than 15 per cent of cadmium. 

Finally, although the Joplin sphalerite on which greenockite 
occurs will give a distinct reaction for cadmium when roasted 
and reduced with charcoal in the closed tube, in the manner 
already described, yet it was found that no precipitate could 
be obtained from it by hydrogen sulphide, even after thirty 
minutes action, the treatment being quantitatively, and in 
every other respect, exactly the same as described for the 
yellow coating on the calcite. A mixture corresponding to a 
sphalerite containing 5 per cent of cadmium yielded a precipi- 
tate of cadmium sulphide, under identical conditions, in a few 
minutes. Dana (System of Mineralogy, 6th ed.) states that 
the amount of cadmium present in any sphalerite thus far ana- 
lyzed is less than 5 per cent. 

It therefore appears certain that this yellow coating on the 
calcite, like that on the Joplin sphalerite, is greenockite. 


John C. Green School of Science, 
Princeton University. 
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Art. III.—A Quantitative Study of Variation in the Fossil 
Brachiopod Platystrophia lynx;* by Epcar R, Cumines 
and ABRAM V. Mavuck. (With Plates II and III.) 


DuRInNG the year 1900-01 the authors made extensive collec- 
tions of the brachiopod Platystrophia lynx trom the Upper 
Ordovician rocks at Vevay, Indiana (Switzerland Co.). 

Inasmuch as this species is extremely variable and at the 
same time exceptionally abundant and well preserved, a quan- 
titative study of the variations presented at once suggested 
itself. Such an investigation is the more warranted because of 
the different opinions current as to the taxonomic importance 
of several of the forms under which Platystrophia presents 
itself.+ 

The specimens used in this investigation were collected from 
a zone which at Vevay extends from 240 ft. to 360 ft. above 
the level of the Ohio River. Part of the material was so col- 
lected that the precise layer is known from which a given 
specimen came; the object being to determine as accurately as 
possible the factor of range.t The majority of the specimens 
used are from the upper 50 or 60 feet, and the upper 20 feet 
contains by far the most as well as the best of the material. 
Examples could not be obtained in sufficient abundance from 
the base of the Platystrophia zone to make a quantitative 
treatment possible; but we were able to ascertain that in the 
lower part of its range at Vevay, and in general throughout 
the Ohio Valley, Platystrophia presents less variation than 
at higher horizons ; and that in the lower beds only the small 
pauci-plicate form is present.§ 

Beside the material collected layer by layer, a large collee- 
tion was made from the upper beds wherever exposures could 
be found in the vicinity of Vateg. 

The data taken for study are: Ratio of width to length of 
shell (equals shell index); ratio of depth to breadth of sinus 


* Presented before Section E at the Denver meeting of the American Asso- 
ciation for the Advancement of Science, August, 1901. 
+ For synomony and bibliography of Platystrophia see Davidson, Silurian 
Brachiopoda, 1871, p. 268; Hall and Clarke, Pal. N. Y., vol. viii, pt. i, 
p. 200, 201 ; Schuchert, Am. Foss. Brachiopoda, Bull. U. S. G. S., No. 87, 
pp. 308-310. 
¢ The Vevay section is published in the Am. Geol., vol. xxviii, Dec., 1901, 
pp. 361-381. By reference to page 373 of that paper it will be seen that the 
lowest specimens of Platystrophia (associated with Dekayia ulrichi) are small 
‘and of a type similar to var. laticosta or var. dentata Meek (crassa James). 
The form lynx does not come in till within 30 or 40 feet of the top of the sec- 
tion. 
§ Specimens have been examined from these lower zones at Cincinnati, 
Ohio, Lawrenceburg, Aurora, Rising Sun, Vevay and numerous points on 
Laughery Creek in Indiana. 
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(equals sinus index); number of plications on ventral valve ; 
number of plications on dorsal valve; number of plications in 
sinus; number of plications on fold.* 

The width of the shell is in every case the greatest width, 
whether this occurs at the hinge line or farther forward. It 
was obtained by means of adjustable spring calipers. The 
width of the sinus was obtained by spreading the points of 
spring dividers between the anterior lateral angles of the sinus. 
The depth of the sinus was obtained by spreading the points 
of the dividers from one anterior lateral angle of the sinus to 
the anterior extremity of the first adjacent furrow in the bot- 
tom of the sinus. All measurements were read off on a milli- 
meter scale and are correct to within 0°25™™. 

The number of shells used varies for the several characters 
indicated above, on account of imperfect material. Only 
entire shells were used for measurements ; but the number of 

lications, especially the number in the sinus, may frequently 

e determined with accuracy on very poorly preserved speci- 
mens. The number of shells used in determining any one 
character is called a group. 


Group I, Shell Index. 


Width divided by length. Number of shells used, 679. 
Range of variation from 1-0 to 1°8. Modet at 1°3, with fre- 


quency of 300°4.t Variation here is moderate in amount, and 
in the direction of greater width than length. 


Group IT, Sinus Index. 


Width of sinus divided by depth of sinus. Number of shells 
used, 664. Range of variation from 0-9 to 3-0. Mode at 1°7 
with a frequency of 112°2. Variation great in amount, and in 
the direction of a shallow sinus. 


Group ITI, Number of Plications on Ventral Valve. 


Number of shells used, 1173. Range of variation from 10 
to 28. Mode at 17 with a frequency of 176°3. Variation 
large in amount, and in the direction of the greater number of 
plications. 


* Prof. Shaler has given (Foss. Brach., Ohio Valley, p. 48) a series of meas- 
urements of a limited number (20) of specimens of Platystrophia. His series 
includes also forms from Richmond, Indiana, and other American localities. 
In a forthcoming paper I shall take up the discussion of material from all 
the provinces both American and European, where Platystrophia is known. 
to occur.—E, R. C. 

+ The term mode means the highest point of the curve, i. e., the class with 
the greatest frequency. 

¢ Forthe purposes of comparison all frequencies were reduced to frequencies ° 
per thousand. 
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Group IIIa, Plications on Dorsal Valve. 


Number of shells used, 451. Range of variation from 11 to 
29. Mode at 18 with frequency of 199°55. Variation corre- 
lated with that of Group III. 


Group IV, Plications in Sinus. 


Number of shells used, 1412. Range of variation from 1 to 7. 
Mode at 3 with frequency of 729-1. Variation in the direc- 
tion of tie larger number of plications. 


Group V, Plications on Fold. 


Number of shells used, 1116. Range of variation from 2 to 
8. Mode at 4, with a frequency of 793°8. Variation precisely 
correlated with that of Group LV.* 

The complete data are charted on page 11. The method of 
constructing the curves of fig. 1 is the usual one of laying off 
the classes along the axis of abscissas and the frequencies along 
corresponding ordinates. 

The lack of correspondence between Groups III and IIIa, 
which should be exactly correlated, is due to the relatively 
small number of specimens used in Group IIIa. It forcibly 
emphasizes the necessity of using as large series of specimens 
as possible. 

All the curves are skewed. None of them show more than 
one mode. They all rise abruptly and fall off less abruptly. 
This shows a certain correlation of the different variants. 

An attempt was made to determine the relation of the num- 
ber of plications in the sinus to the number on the entire 
valve. Hallsays: ‘The prevailing number of lateral plica- 
tions is seven on each side of the sinus or lobe ; and so long as 
the mesial plications remain three and four, so long the lateral 
ones are seven. As soon as there is even an appearance of a 
departure from this number on the mesial lobe and sinus, and 
where the rudiment of an additional plait is visible, we then 
find the lateral plaits to be nine or ten.”+ 

Our material does not bear out this statement. To test the 
point it was assumed that there is a precise correlation between 
number of plications in the sinus and number of plications 
on the whole valve. The area of the freyuency polygon for 
any given number of plications in the sinus should then be 
equal to the sum of the areas of the frequency polygons of a 
definite number Of plications on the valve. For example, the 
frequency polygon of three to four plications in the sinus has 
an area equal to that of the sum of the areas of the frequency 

* While there is necessarily one more plication on the fold than in the 
sinus, the fact that many specimens, owing to state of preservation, can be 
used for the determination of one group that are not available for the other, 


makes the two nt supplement each other. 
+ Hall, Pal. , vol. i, 1847, p. 134. 
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Fossil Brachiopod Platystrophia lynx. 13 


polygons of seventeen, eighteen, nineteen, and twenty plica- 
tions on the ventral valve. Therefore any shell with four 
plications in the sinus shorld have between seventeen and 
twenty (both numbers inclusive) plications on the valve. It 
should have no more and no fewer. 

An inspection of our material does not show this to be the 


iv Vv 


a b ivy IIla III II 


Fie 1. Curves of Groups I to V. On the axis of ordinates, each small 
division represents four individuals. On the axis of abscissas, each fifth (as 
from a to b) represents one class. 


ease. Ina series of 153 specimens with four plications in the 
sinus, the range is from 16 to 26 plications on the ventral 
valve. The average is 18°8 plications. The specimens with 
two plications in the sinus have from 11 to 22 plications on the 
valve. Those with one plication in the sinus have from 10 to 
15 on the valve. The correlation is approximate rather than 
precise. 
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An inspection of Plates Il and III shows the small size of 
the extreme forms, and conversely the large size and robust 
growth of those forms near the modes. The largest specimens 
will not be found exactly at the mode in any of the characters 
for which curves are plotted, but in classes to the right of the 
mode. That is, while it is true, for example, that by far the 
majority of specimens have three plications in the sinus, the 
largest specimens are more likely to be found in classes having 
more than three plications in the sinus. They will never be 
found in classes having less than three plications. When, how- 
ever, the class falls some distance to the right of the mode it 
will again be found to contain small specimens. Smallness of 
size is, therefore, an accompaniment of the general extinction 
that prevails more and more, away from the mode. In the 
case of the number of plications on the valve, extinction does 
not become severe till the 20th is reached ; and in the classes 
between 17 and 20 will be found the largest individuals. 

In regard to the validity of the several species or varieties 
into which the /ynw group of forms has been divided, namely, 
Platystrophia lyna, P. laticosta, P. dentata Meek (= P. 
crassa James), there is absolutely no character or combination 
of characters that can be relied upon to separate any large col- 
lection into distinct species. To a limited extent the above 
forms differ in range; although the authors have frequently 
seen all three represented on a single slab of limestone. It is 
well, however, to distinguish for stratigraphic purposes such 
varieties as laticosta, and dentata Meek.* 

The following is a description of the modal form of Platy- 
strophia lynx; shell three-tenths wider than long; greatest 
width about half-way from the hinge line to the front of the 
shell; width of sinus seven-tenths greater than its depth; 
seventeen angular plications on the ventral valve, three of 
which are in the sinus; eighteen on the dorsal valve, four of 
which are on the fold. 

* As stated in a preceding footnote, the other forms, acutilirata Conrad, 
biforata Schl. and other foreign forms of Platystrophia are not considered in 
this paper. The form identified by Miller, and doubtfully by Meek, as 
dentata Pander is the costata of the latter author. Pander has figured 
dentata and costata (= chama Eichwald) side by side on pl. xi of his Beitrage 
zur Geog. Russ. Dentata has two plications in the sinus and three on the 
fold, while costata has one in the sinus and two on the fold. The name 
chama Eichwald cannot be retained for this variety, since the Spirifer cos- 
tatus of Sowerby is a true Spirifer, and there is no other prior use of the 
name costata among the Orthidz. See de Verneuil Geol. de la Russie, p. 140, 
and Sowerby, Tr. Geol. Soc. Lond., 2d ser., v, pl. lv, fig. 5-7. On the vari- 
eties of Platystrophia see especially Meek, Pal. Ohio, i, 1878, pp. 112-121; 
Hall, Pal. N. Y., i, 1847, pp. 133-134 ; Winchell and Schuchert, Minn. Geol. 
Surv., iii, 1893, pp. 454-457; Davidson, British Silurian Brachiopoda, 1871, 
p. 268 et seq. ; Schuchert, Bull. 87, U.S. G.S., p. 308; Sardeson, Am. Geol., 
xix, p. 109. 
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Wortman—Studies of Hocene Mammalia, ete. 17 


Art. IV. — Studies of Eocene Mammalia in the Marsh 
Collection, Peabody Museum ; by J. L. WorrTMAN. 


[Continued from vol. xiii, p. 448.] 


Sinopa minor sp. nov. 


A SMALLER species is represented in the Marsh collection by 
humerous remains, all in a somewhat fragmentary condition. 
Of these, I select as 
the type a consider- 
able portion of a man- 
dibular ramus of the 
right side, contain- 
ing the three pos- 
terior premolars and 
the first and second 
molars in place, fig- 
ure 96. There is also FIGURE 96.—Right lower jaw of Sinopa minor 
the anterior part of Wortman ; side view ; natural size. (Type.) 
the opposite ramus, which contains the root of the canine and 
those of the anterior premolars. With this, I. associate as a 
cotype a fragment of a right upper jaw bearing the fourth 
premolar and first molar, figure 97. The 97 
characters of this species, as exhibited by 
the type and cotype, are as follows: The «# 
size is much smaller than either 8S. rapax or (FF 
S. gracilis ; the canine is of the usual pro- 
portions ; the small single-rooted first pre- ye 
molar is implanted some distance behind the _ F1suR® 97.—Frag- 

° ° re ment of aright upper 
canine, and is separated from it and the jaw of sinopa minor 
second premolar by considerable diastemata; Wortman ; crown 
the second premolar is two-rooted and sepa- View; natural size. 
rated from the third by a short interval, (C°P*) 
differing in this respect from both S. rapax and 8. gracilis ; 
the third and fourth premolars have the usual form ; the first 
molar is relatively small, with low trigon and a large basin- 
shaped heel; the second molar is larger, with high trigon and 
large heel; the internal cusps are but little reduced, differing 
in this respect from S. gracilis and agreeing with S. rapaz ; 
the last molar is not preserved in the type; the fourth superior 
premolar is like that of S. gracilis, except that the internal 
cusp is more conical; the postero-external blade exhibits 
faint traces of a bilobed condition, which is not seen in 8S. 
gracilis ; the two main external cusps of the first molar are 
well separated ; there is a more distinct posterior intermediate, 
and an internal cingulum, all of which are different from S. 
gracilis. 

AM. JOUR. Series, Vou. XIV, No. 79.—Juty, 1902. 
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There are three or four individuals that agree perfectly with 
the type and cotype, but there are others that have a heavier 
build and are perceptibly larger. I cannot detect any further 
differences in the materials at hand, however, which would 
warrant referring the latter to another species. It may be 
that more complete specimens will necessitate their separation. 
Additional characters derived from these specimens are: 
Second lower molar equal to, or slightly larger than, third ; 
last superior molar without postero-external cusp, and second 
superior molar, as well as first, with distinct internal cingula. 

The measurements of the type are as follows: 


Length of inferior dental series from base of canine, 
exclusive of last molar 

Length of premolars... 

Length of first and second molars 

Length of entire inferior dental series (estimated) 

Antero-posterior diameter of first molar... 

Antero-posterior diameter of second molar 

Antero-posterior diameter of third molar (not type) 


Measurements of Cotype. 


Length of fourth premolar and first molar .........--.-- 
Antero-posterior diameter of fourth premolar... - 
Antero-posterior diameter of first molar 
Transverse diameter of fourth premolar. 
Transverse diameter of first molar 


The type specimen was found by Professor Marsh, at Griz- 
zly Buttes, and the cotype, by Mr. Kinney, at the same locality. 
Other specimens are from Church Buttes, and one is doubtfully 
from Henry’s Fork. 


Sinopa major sp. nov. 

The last species of this group to be considered is the largest 
yet found in the Bridger horizon. It is apparently unde- 
scribed, and the above name is proposed for it. Two reason- 
ably complete mandibular rami, figures 98, 99, one of which 
contains nearly all the teeth in place, together with three or 
four other fragmentary pieces carrying various teeth, repre- 
sent it in the collection. The type specimen has the three 
molars and the third and fourth premolars in place in the jaw, 
together with the roots and alveoli of the remaining premolars. 
The chief characters of the species, as exhibited by this speci- 
men, may be stated as follows: It is much larger than S. edaa, 
S. gracilis, or S. minor ; the second premolar is separated but 
very slightly, if at all, from the third; the first is small, single- 
rooted, and placed about equidistant from the canine and 
second premolar; the second molar is slightly larger than the 


42° mm 
30° 
12° 
48°'5 
6° 
7 
6°4 
13° 
6° 
5° 
4°6 
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third ; the heels of the molars are large and basin-shaped, that 
of the last being smaller than the other two; the shear is 
rather transverse, and the internal cusp is less reduced than in 
S. gracilis; the jaw is much more massive and deeper, and 
the distance from the posterior base of the canine to the third 
premolar is proportionally shorter than in the other species. 
This indicates a rather short-muzzled type. The specimens 


Ficure 98.—Right lower jaw of Sinopa major Wortman ; side view; nat- 
ural size. (Type.) 


99 


Figure 99.—Left lower jaw of Sinopa major Wortman ; side view ; three- 
fourths natural size ; restored from three specimens. 


suggest an animal intermediate in size between a red fox and a 
prairie wolf. 
The principal measurements are: 


Length of inferior dental series from posterior base of canine 70°™™ 
Length of molars 26° 
Antero-posterior diameter of first molar 8° 
Antero-posterior diameter of second molar...-..-...-...- 10° 
Antero-posterior diameter of third molar 9° 
Depth of jaw at second molar 20° 
Depth of jaw at second premolar 


The type specimen was found by Sam Smith at Church 
Buttes. 
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Discussion.—Two other species of this genus, aculeata and 
insectivoru, were described by Cope from the Bridger, but 
Matthew has shown* that the types are unrecognizable, and 
he suggests that the names be dropped. 

That the Bridger species should be more advanced than 
those of the Wind River and Wasatch is quite natural. At 
least three of them thus far known do not show any very great 
advance in structure over their older representatives, but still 
enough to separate them specifically. The remaining one, S. 

gracilis, exhibits very.decided progress in the direction of the 
1igher specialization of the family. This is seen in the disap- 
pearance of the posterior external cusp of the third superior 
molar, the more decidedly connate condition of the two main 
external cusps of the first and second superior molars, the 
development of a more sectorial structure of the fourth pre- 
molar, reduction in size of the heels of the lower molars, and 
reduction of the internal cusps of the trigon, with a more 
longitudinal shear. The internal cusps of the upper molars 
are also reduced. 

There appears to be very good evidence of the specific 
descent of this species. Thus, Sinopa hians of the Wasatch, 
as far as its structure is known, answers with tolerable accu- 
racy to the ancestral requirements. Sinopa Whitiew of the 
intervening Wind River horizon appears to be intermediate in 
every feature of its osteology, as far as known, with the single 
exception that the second lower premolar is not spaced. If 
this character were variable in the Wasatch species, it may 
well prove to be the annectent form. 

That Hycenodon and very probably Pterodon, also, were 
derived from this group, there appears to be very little doubt. 
The fundamental similarity in the structure of the skull, teeth, 
vertebrae, pelvic girdle, limb bones, and carpus, cannot be acci- 
dental par allelism, but on the contrary affords very stroug pre- 
sumptive proof of genetic aftinity. The most specialized 
species of the genus, Sinopa agilis, however, cannot be in the 
line of direct descent because of the relatively small skull and 
the sharp, compressed, and slightly fissured, bony claws ; whereas 
in Lyenodon, at least, the skull is large in proportion to the 
skeleton, and the claws are flat and deeply fissured. 

It should be noted here that nearly every specimen of the 
genus Sinopa represented in the Marsh collection comes from 
the lower part of the Bridger beds, and that not more than 
one or two have been found in the upper part of the horizon. 
Their complete absence from the Uinta, as far as we now 
know, is, moreover, fairly satisfactory proof of their extinction 


*Bull. Amer. Mus. Nat. Hist., Jan., 1901, p. 24. 
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or migration from this country at the close of the Bridger. 
For this reason, I am persuaded that the evolution of the Oli- 
gocene types took place probably in Asia or the north, during 
later Eocene time, and that their subsequent appearance in this 
country during the Oligocene was due wholly to migration. It 
is highly probable that some generalized Wasatch species, such 
as S. opisthotoma of Matthew, was the ancestral type from 
which they were derived. 


Further Observations upon the Marsupial or Metatherian 
Relationship of the Creodonts. 


In the foregoing descriptions of the various characters of 
the Creodonts, frequent reference has been made to their rela- 
tions with the Marsupials. Objections will doubtless be raised 
to the use of this term, since some writers restrict the term 
“‘ Marsupial ” to the living representatives of the group, which 
is perhaps, strictly speaking, correct. Huxley proposed the 
term Metatheria for a hy pothetical group, which was meant to 
include both the modern Marsupials and the immediate Impla- 
cental forerunners of the Eutheria. The all-important dis- 
tinction of such a group would consist in the implacental 
method of its reproduction—a character which would at once 
separate it from the Eutheria, in which an allantoic placenta 
is formed. In like manner, the absence of a distinct coracoid, 
the union of the odontoid process with the body of the axis, 
the lack of oviparous habits, and the more highly developed 
reproductive system would distinguish it from the Prototheria. 

Unfortunately there are no known characters of the skele- 
ton in this group which are constant associates or infallible 
correlatives of the implacental mode of reproduction, and since, 
among the fossils, we are compelled to depend solely upon 
osteological evidence, our judgments must of necessity rest 
very largely on analogy. When I have spoken of “ Marsupial 
characters” and “ Marsupial relationship,” I have had con- 
‘ stantly in mind the Implacental Metatheria of Huxley, prefer- 
ring the use of the term “ Marsupial,” because the large number 
of primitive characters exhibited in the living members of this 
group undoubtedly furnish us the safest guide for a proper 
interpretation of similar characters in the fossils. By taking 
the more primitive members of the existing Marsupials as the 
basis of our comparisons, I am convinced that we shall be able 
to arrive at a very much clearer understanding of what the 
ancestors of the Creodonta were like, than by any other method 
of study. That they were derivatives or offshoots of any pre- 
existing group of Placentals or Eutherians is exceedingly 
unlikely, and the strongest evidence of this fact is that they 
are practically as low in the scale of organization as any known 
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Eutheria. Moreover, evidence of the existence of such a group 
remains to be discovered. On the contrary, all the facts point 
very strongly to their origin, along with the Carnassidentia, 
from Implacental or Marsupial Metatherians. It is likewise 
conceivable that from this same general substratuim the other 
Eutherian orders arose. 

Some day, when our knowledge of these matters is vastly 
more extensive and accurate than at present, it will perhaps be 
necessary to abandon this hesieentil system of classification, 
implied by the use of such terms as Prototheria, Metatheria, 
and Eutheria, and substitute for it the phyletic or linear sys- 
tem—the only one expressive of the genetic relationship which 
we seek to discover. It will then be determined, without 
much doubt, that these several ordinal groups have recogniz- 
able chains of ancestry, penetrating not only well down into 
the Metatherian substratum, but almost to the very bottom 
or beginnings of Mammalian existence. We shall then give 
names to these lines of descent rather than to successive stages 
of their development. But until this Utopia in the subject is 
realized, we must content ourselves with cruder methods, more 
in keeping with our ignorance. 


Summary. 


Having now completed a study of all the Eocene Carnivora 
in the Marsh collection, I append herewith a brief summary 
of the more important discoveries, opinions, discussions, etc., 
embodied in the foregoing paper. They are the following: 
The general organization of the order and the relationship of 
its more primitive members to the Metatherian Marsupials are 
discussed ; the order is divided into three suborders, Creodonta, 
Carnassidentia, and Pinnipedia, and their relations are con- 
sidered ; of the Eocene Canide, the type of the genus Vu- 
pavus is figured, a new species added, much of its osteology 
described, and the progressive modification of the family con- 
sidered ; a new related genus, Veovulpavus, is proposed ; addi- 
tional characters of Uintacyon, together with its position in 
the group, are given; Prodaphenus is considered to be the 
forerunner of the Amphicyon series, and four main lines of 
canine descent are pointed out; the Viverravide are defined, 
the type species of Viverravus is figured, and another species 
added ; a new genus of this family, Oddectes, is proposed and 
a large part of its osteology described ; the relations of the 
Viverravide to the living Viverride are examined, and the 
position is taken that the descent of the modern civets is prob- 
ably traceable to this source; the type species of the three 
genera 7’riacodon, Ziphacodon, and Harpalodon, are figured, 
and the opinion expressed that they are not valid genera; the 
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type of lurotherium is figured and described, a new species 
added, and its ancestral relationship to the Felidz discussed 
and reaffirmed ; the organization of the Creodonta and their 
relations to the Metatherian Marsupials are considered, a new 
classification is proposed, and the families are redefined ; the 
Viverravide and Palsonictidse are removed to the Carnassi- 
dentia ; the family Mesonychide is considered, the genera of 
the Mesonychine are detined, a new genus, H/arpagolestes, is 
proposed and defined, and the osteology of Dromocyon vorax 
given in full, with numerous illustrations; the small pelvic 
outlet may have indicated extreme helplessness of the young at 
the time of birth, like the Marsupials, and a possible cause for 
the extinction of the line; the evolution of the phylum is con- 
sidered, and the progressive modifications of the teeth and 
limbs are pointed out; the origin and homologies of the mam- 
malian tritubercular molar are fully discussed, and dissent is 
expressed from the theory of Migration or Rotation of Osborn ; 
the family Oxyenide is considered, the arrangement of the 
genera discussed, and two subfamilies, Oxyzenine and Limno- 
cyonine, are proposed and defined; the genera of the Oxye- 
nine are defined, the type specimen of Patriofelis ferow is 
figured and described in detail, and the probable habits of the 
species are rediscussed at length; the genera of the Limno- 
cyonine are defined, one new species is added, and the synon- 


ymy of the others given; many new eur are added to a 


knowledge of this group, its possible Insectivorous relation- 
ship is pointed out, and one species, at least, is thought to have 
been aquatic in habit; the family Hyzenodontide is redefined, 
and the Bridger species of Sinopa, of which two are added, 
are described in detail; much of the osteology of Sinopa agilis, 
with illustrations of skull, fore foot, and limb bones, is given ; 
the probable origin of the Hyzenodonts and Pterodonts is con- 
sidered, some further observations on the Marsupial or Meta- 
therian relationship of the Creodonts are made, and their 
probable origin is considered. 
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Art. V .—New Exposures of Eruptive Dikes in Syracuse, 
NV. Y.; by F. ScHNEIDER. 


IGneEous rocks in the horizontally stratified Paleozoic beds 
of Central New York are too rare to pass unrecorded; and 
when, recently, excavations in Syracuse for the Butternut street 
trunk sewer disclosed another of these occurrences in a new 
locality and at so great a depth that ordinary excavations had 
not reached it because of the thickness of the overlying drift, 
it became important that some permanent and available record 
should be made of the same. 

The eruptive rock was first noticed April 16, 1901, some 
three days after it was first penetrated. At this point, a short 
distance beyond the place where the sewer crosses Highland 
st., the eruptive rock occurred in the bottom of the trench and 
was dug into only to a depth of some two feet. It was over- 
laid by nearly three feet of decomposed peridotite, which had 
been entirely changed to a soft greenish-yellow earth. As the 
excavation progressed to the east of Highland st., the work- 
men penetrated deeper into the rock, which for some distance 
presented a slightly stratified appearance suggesting a sheet 
branching from the dike proper, which subsequent excavations 
proved to be the case. 

The dike itself» was first encountered 126 feet east of the 
center of Highland st., and was so hard and firm as to be 
removed with great difficulty. The width of the dike is 36 
feet and it comes up to within ten feet of the natural surface. 
From its location in the trench, which was five feet in width, 
the strike of the dike appeared to be N. 5° E. There was 
scarcely any sheet to the east of the dike, but to the westward 
it extended over three hundred feet. 

The rock in the main dike, with the exception of the upper 
two feet, is perfectly hard and firm. It is of a dark green 
color, some of it being almost black, and contains an abund- 
ance of apparently jet black eryetals. The upper portion, 
immediately beneath the drift, had changed to a soft greenish- 
yellow earth, in some places to a yellowish earth. The fact 
that the lower portion of the drift contained much of the 
serpentinous earth mixed with it would suggest that a con- 
siderable area was covered with eruptive matter. The typical 
rock contained few inclusions as compared with that at De- 
Witt, N. Y., or even that in the Syracuse dikes at Green st. 
The softer rock of the sheet, however, contained many of 
them. No prominent fossils ‘were found in any of these 
inclusions, whereas in the rock at De Witt they were very 
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abundant. No traces of the enclosing walls of the dike could 
be found. Sheet material banked.it on the west, and heavy 
Pleistocene clays with quicksand beyond them formed the 
eastern border. At Green st. the enclosing walls are perfectly 
shown, and it was hoped that further excavations would open 
up other exposures showing the contact phenomena, but this 
did not oceur. The other excavations, where the strike of the 
dike would seem to indicate its existence, were all on higher 
ground with heavy mantles of drift which even this deep 
sewer did not penetrate. 

One other opening occurred in a return sewer on Highland 
st. The excavations passed for 180 feet through rock which 
was thought at that time might be merely sheet material from 
the dike, but I am now convinced that it was another parallel 
dike. This rock, while almost as difficult to excavate as that 
of the first dike, decayed very rapidly after a few days expo- 
sure. It also had more or less of a massive wedged appearance 
in the trench like the first dike, and quite unlike the banded 
appearance of the sheet, and furthermore contained many 
inclusions. It also contained numerous small red crystals, 
the “rubies,” which the neighboring school children collected 
in abundance. None of these peculiar forms were found in 
the De Witt, or in any of the Syracuse dikes at Green st. 
Some of them appeared to be perfectly crystallized garnets, 
but so rapidly did this rock break up, especially when dry, 
that they usually fractured soon after being exposed. A 
few crystals of greenish color were also obtained from this 
same rock, but none of either kind were noticed in the hard, 
firm variety. All of these facts. would seem to indicate a 
second dike more or less parallel to the first and less than 250 
feet away. Through this second dike the excavations must 
have passed very nearly longitudinally, while the sewer proper 
crossed the main dike at nearly right angles. As the return 
sewer stopped when connection had been made with the sewer 
proper, and as the excavations up to this point did not pass 
through to the farther side of the dike, no facts as to its width 
can be given. The proximity of these dikes to those at Green 
st., which. are less than a mile away, suggests some under- 
ground connection, and inasmuch as their general direction is 
the same they may be merely a continuation of those dikes, 
The intervening space has frequently been trenched, and at 
such times the excavations have been carefully watched for 
evidence of the dikes without revealing any trace of them. 


Syracuse, N. Y. 
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Art. VI.—FPetrography of Recently Discovered Dikes in 
Syracuse, NV. Y.; with Note on the Presence of Melilite 
in the Green Street Dike; by C. H. Smytu, Jr. 


THE freshest specimens of the dike rock from Butternut st., 
Syracuse, N. Y., are nearly black, but in the average material the 
color is gray, with a more or less decided greenish tinge. In tex- 
ture, the rock is distinctly porphyritic, with phenocrysts ranging 
up to 15™" or more in diameter, scattered somewhat unevenly 
through a moderately fine and even-grained groundmass. 
Occasional veinlets and small pockets of calcite appear, but 
these are exceptional, and the rock as a whole, aside from the 
“ sheet ” material mentioned below, is quite homogeneous. Of 
the specimens sent to the writer for examination, many appear 
to the unaided eye quite fresh and unchanged from their 
original condition; but they are very deceptive, as in most 
cases alteration has progressed to a considerable degree. Sev- 
eral sections cut from sound specimens of good color and with 
lustrous dark phenocrysts, under the microscope show little 
but a mass of alteration products, which, however, retain the 
original texture of the mike very well. In consequence of this 
alteration the following description of the petrography of the 
dikes is based upon only a few sections of fresh material, 
together with such data as are afforded by the altered speci- 
mens. But the petrography is comparatively simple, and the 
data at hand are sufficient to show a substantial agreement 
with the other dike rocks of the vicinity. 

Sections of the least altered material show that the pheno- 
crysts are olivine, as indicated megascopically. Crystal outline is 
generally lacking or at most quite imperfect, and the irregular 
grains show the customary alteration to serpentine along cracks 
and around the margin. In some grains this alteration is but 
slight, while in others the serpentine has wholly replaced the 
olivine. Between the two extremes there is complete grada- 
tion. Associated with the olivine there is a very little colorless 
monoclinic pyroxene. It occurs in irregular grains, and shows 
the usual high extinction angles. Though in very small 
amount, this pyroxene is a fairly constant-constituent of the 
rock. 

Biotite of a pale brown tint appears in large irregular plates 
and shreds of small size. The former are primary, but the 
appearance of the shreds and their relations to the other min- 
erals suggest that they may be, in part, secondary. Perofskite 
is abundant, though varying considerably in quantity in dif- 
ferent sections. It appears in minute crystals of sharp outline. 
In some cases, high powers show these crystals to be octahedra, 
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and this is probably, as would be expected, the form of all of 
them. They are honey yellow, and decidedly translucent, so 
much so indeed as to show this property clearly with low 
powers. In this respect, the perofskite differs from that of the 
De Witt dike, in which Prof. Kemp* perceived the translucent 
character only with high powers. It would be difficult to find 
better microscopic specimens of perofskite than are shown in 
the rock here described. 

Magnetite is another primary mineral, occurring in the usual 
small erystals and irregular grains. But it is far less abundant 
than is often the case in rocks of this general type. In some 
sections there is a small quantity of a granular, isotropic min- 
eral with high index of refraction. While this may be garnet, 
no exact determination of the species could be made. In 
addition to the foregoing minerals there is present, even in the 
freshest specimens, a considerable amount of undeterminable 
alteration products mingled with the serpentine, carbonates, 
secondary magnetite, mica shreds and the minor primary 
constituents to make up the groundmass. While it is possible 
that there may have been glass in the unchanged rock, none 
is now recognizable. 

Much of the foregoing description of the freshest parts of 
the dike applies equally well to the more altered parts. In 
these, the olivine has been almost wholly changed to serpentine, 
which is greenish or yellowish and shows the characteristic net 
texture to a marked degree. The double refraction of the 
serpentine is very low, and in the thinnest parts of sections, 
and often elsewhere as well, it is sensibly isotropic. Different 
specimens show great diversity in the amount of secondary 
magnetite in the serpentine. In some cases the former min- 
eral is scantily sprinkled through the latter, while in other 
cases the serpentine is rendered nearly opaque by the powdery 
magnetite. The primary magnetite and perofskite are not 
affected by alteration, the latter in particular retaining all of 
its characteristic properties and showing in the sections of 
thoroughly altered specimens perhaps even better than in the 
fresher rock. All of the foregoing changes belong to the 
process of alteration rather than weathering, and do not affect 
the integrity of the dike as a whole, while modifying its com- 
position, both mineralogical and chemical, to an unknown 
depth. Weathering on the other hand, though superficial, 
destroys the dike, as far as it goes, resulting in thorough 
disintegration. 

The rock first called a sheet, but now regarded as probably a 
distinct dike, differs from that described above chiefly in con- 
taining abundant inclusions of the wall rocks together with 


* This Journal (3), xlix, p. 459. 
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occasional grains of garnet. The inclusions are so numerous as 
sometimes to equal or exceed the dike rock in quantity, and it 
is probably due to their presence that the rock goes to pieces 
very rapidly when exposed to the atmosphere. This may be 
due in part to the chemical effects of the inclusions, but more 
largely to mechanical influences, the homogeneity of the rock 
being destroyed, while it is filled with fragments, many of 
which disintegrate easily. The material is most unsatisfactory 
for study and affords very poor sections. The following 
description is, for this reason, quite incomplete. 

The garnet appears rather scantily in irregular, rounded 
grains, sometimes reaching 4 or 5" in diameter. The color is 
bright red, becoming very pale in thin sections. Around most 
of the grains there is a very.thin shell somewhat distinct from 
the rest of the rock, but the nature of the material is such that 
no good section of the shell could be obtained. Apparently 
mica (perhaps with hornblende) is the chief constituent.. In 
one case the shell consists of decomposition products, through 
which are scattered great numbers of perofskite crystals. 
Somewhat analogous to this is the occurrence of a mass some 
3™" in diameter consisting largely of tiny crystals of perofskite, 
the whole surrounded by a shell of biotite. 

In every case seen by the writer, the garnet occurs in that 
part of the rock which contains abundant inclusions, but never 
in the inclusions themselves. This relation to the inclusions, 
together with the scantiness and irregular distribution of the 
garnet, suggests that rather than a normal product of the dike 
magma like that of the Elliot Co., Ky. peridotite described by 
Diller* and that of many European occurrences, it may result 
from the fusion of parts of the wall rock in the molten dike, 
somewhat as in the case of the sapphires of Yogo Gulch, 
described by Pirsson.t However, conclusive evidence upon 
this point is lacking. That the garnets are themselves inclu- 
sions derived from the wall rocks is hardly possible. Were 
this the case, garnets should be found in some of the inclusions 
themselves, and even did this happen, it would be needful to 
prove that they were primary, and not formed by the contact 
action of the dike rock. Moreover, the only external source — 
of garnets would be in the underlying pre-Cambrian rocks, 
and these are of such a nature that they would be most 
unlikely to fuse completely away from the garnets, leaving the 
latter free. 

Embedded in one of the garnets was a bright green grain 
about 0°5"" in diameter. When broken and placed under the 
microscope it shows one cleavage, with which the extinction 
makes a high angle, while the green color is hardly perceptible. 


* Bull. 38, U. S. G. 8. + This Journal (4), iv, pp. 421-423. 
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The mineral is probably pyroxene, but the limited quantity 
hardly admits of accurate determination. 

Aside from the variations described, this rock differs in no 
marked degree from the first dike rock described, except that 
one section shows tiny prismatic crystals of pyroxene in the 
groundmass. On account of its excessive alteration, sections 
of the rock are largely made up of secondary products, but 
these are essentially the same as those described above. 

Of the two classes of inclusions, Paleozoic and pre-Cambrian, 
the former are naturally more abundant. The fragments are 
often angular and sometimes show a faint zonal coloration 
along the contacts. But there is no decided indication of new 
mineral growth. The pre-Cambrian fragments are usually 
more rounded, the result of the attrition involved in their 
upward journey of many hundred feet. They do not differ 
materially from inclusions described in other dikes of the 
region. 

In comparing the rocks of this locality with specimens from 
DeWitt and from Green st., as might be expected, a strong 
family resemblance is apparent. There is perhaps less mica 
and rather more Pll: in the Butternut st. rocks, while 
only one section shows the tiny crystals of pyroxene that are 
so abundant in the groundmass of the DeWitt dike. But 
these differences are much too slight to be of any moment. 

Melilite in the Green St. Dike.—The marked resemblance, 
both in petrography and geological relations, between the 
Syracuse rocks and the alnoite of Manheim has led the writer 
to expect, at any time, the discovery of melilite in the former. 
In studying the DeWitt rock, Prof. Kemp* searched carefully 
for this mineral but found none. The writer’s study of the , 
Butternut st. rock met with the same result; but in the exami- 
nation of the rock of the original Green st. dike of Williams,+ 
melilite was found.. This seems at first sight surprising, as, 
doubtless, sections of the rock have been examined by many 
a gs a8 but the fact that melilite has not been noted 

efore simply illustrates the elusive nature of the mineral, 
resulting from its tendency to alteration. In the case of the 
original Manheim dike, the rock was first described by the 
writert as a peridotite and its true nature was learned only 
when fresher material was procured ;$ while in the largest 
dike of that locality no melilite could be determined with cer- 
tainty, although there can hardly be a doubt of its original 
presence. | 

Some years ago a section was made from a specimen of the 
Green st. dike which very closely resembled the original 

* Loc. cit. + This Journal (3), xxxiv, pp. 137-145. 

Ibid. (3), xliii, pp. 322-327. Ibid., xlvi, pp. 104-107. 
| Bull. Geol. Soc. Am., ix, pp. 257-268. 
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Manheim rock and, moreover, seemed fairly fresh. This was 
searched, with greatest care, for melilite, but to no purpose. 
In the present study, three sections of the rock have been 
examined, one from an old specimen and two from new material. 
In the first, a few very small individuals of melilite were found, 
so inconspicuous that their discovery can be regarded as little 
more than accidental. But in the other two sections, the 
melilite is present in some quantity. In habit and general 
appearance it is very like the Manheim melilite, though less 
abundant. Like the latter, it often shows abnormally high 
double refraction, possibly the result of alteration, and, as a 
rule, is optically positive, although the negative variety is also 
present. 

From the foregoing, it is evident that in rocks as thoroughly 
serpentinized as are those of the Syracuse dikes, melilite may be 
nearly or quite obliterated; and it is extremely probable that 
perfectly fresh specimens would show melilite in all of these 
dikes. Perhaps an exception should be made in the case of 
the DeWitt dike, but even here there would seem to be suffi- 
cient alteration to mask the melilite if originally present in 
small quantities. Apparently, then, the petrographic affinities 
of this group of dikes is with the melilite rocks rather than 
with the peridotites, and this is interesting in bringing them 
into close relationship with the Manheim dikes, and in deter- 
mining another occurrence of a rare variety of rock. Of 
course, incomparably the most important contribution to our 
knowledge of the Syracuse rocks was the establishment by 
Williams* of their igneous nature, but all new data in regard 
to the locality are worthy of record. 

. _ In a note appended to his description of the De Witt dike, 

Prof. Kempt givesa brief resumé of the occurrences of igneous 
rocks in Central New York, including two instances of bowlders. 
Another case of the latter kind may be mentioned here. 

In the Hamilton College collection are two specimens 
labelled “ Hornblende Boulder, Syracuse, N. Y.” The rock 
is coarsely porphyritic, with very little groundmass, and so 
peculiar in aspect that the writer had a section made from it 
some years since. Under the microscope this shows idio- 
morphic pyroxene of pale violet color, with a somewhat smaller 
amount of olivine. The individuals of both range up to 
10-12"" in diameter, and the two minerals make up perhaps 
90 per cent of the rock, being held together by a scanty ground- 
mass of minute laths of plagioclase. While it is quite possible 
that the rock is of Canadian origin, still it may well belong 
with the other bowlders referred to, in a group of basic erup- 
tives breaking through the New York Paleozoic rocks. 

Hamilton College, Ciinton, N. Y. 


* Op. cit. and Bull. Geol. Soc. Am., i, pp. 533-534. 
+ Op. cit., p. 462. 
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Art. VII. — Preliminary Note on Silver Chabazite and 
Silver Analcite; by GEORGE STEIGER. 


IN an investigation upon the constitution of certain silicates 
an attempt was made to replace the alkaline metals by silver. 
This has been done with chabazite and analcite, the only two 
species upon which, so far, I have been able to test the reaction. 

It will at once be seen that this work is analogous to that of 
Heumann* and others in the preparation of silver ultramarine. 
Heumann, by heating blue ultramarine in a sealed tube to 120° 
for fifteen hours, obtained a silver salt which was very nearly 
pure, and which upon fusion with various chlorides and iodides 
yielded corresponding compornds of barium, zinc, manganese, 
etc., and also compounds of some organic radicals. 

The first experiment which I attempted was to heat ammo- 
nium chabazitet in a sealed tube with five times its weight of 
silver nitrate for four hours at 250° C., at which temperature 
the silver nitrate easily fused. After leaching with water, a 
determination of silver was made in thedried residue, 25°06 
per cent Ag,O being found. 

Another portion was boiled for several hours in an open 
dish with a 10 per cent solution of silver nitrate; the residue 
from this gave 17°20 per cent Ag,O. These results show that 
ammonium was at least in part replaced by silver. The 
experiments upon chabazite were only preliminary, and are 
to be carried farther. 

More complete work was done in the case of analcite, and 
three portions of it were treated as follows : 

“A.” Natural analcite heated in an open tube with dry 
silver nitrate for four hours to 400° C. 

“B.” Natural analcite heated in a sealed tube with dry 
silver nitrate for four hours at 250°C. 

“C.” Ammonium analcite,t heated in a sealed tube with 
dry silver nitrate four hours at 250° C. 

All were leached with water, and washed until the filtrates 
gave no test for silver; the residue was then dried on the 
water bath. The product in each case was a white powder not 
differing in appearance from the original material. 

The analyses of the different portions are given below, 
together with the composition of the theoretical compound 
Ag,0-Al,0,°4S8i0,°2H,O, which is found in column “ D.” 


* Liebig’s Annalen, excix, 253 (1879). 


+ This Journal, vol. xiii, p. 27. ¢ This Journal, vol. ix, p. 117. 
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A. 


Leach water 
Na,O (calc. to analcite).. 13°13 
Dried residue 


100°34 99°95 


It seems from the foregoing experiments that at least some 
of the natural silicates, which have been supposed to be very 
refractory bodies, are easily attacked and replacements effected 
by simple operations. 

Work is now in progress on other minerals, along these same 
lines, and it is also proposed to study the action upon them of 
thallium and lead nitrates and other salts. 


Chemical Laboratory, United States Geological Survey, 
Washington, D. C. 


| Al,O, ......----------- 16°44 16°29 1822 16°72 
36°91 32°01 38°03 
H,O 5°86 6°08 5°90 
none none 
100°37 100°00 
| 
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Art. VIII—TZhe Significance of Certain Cretaceous Outliers 
in the Klamath Region, California ; by Oscar H. Hersuey. 


CRETACEOUS remnants occur in the southern part of Trinity 
County, California, in five very limited areas. They are dis- 
tinguished from the Neocene deposits by their better lithifica- 
tion, by the gravel being almost exclusively of quartz and 
displaying the marine type of rounding, by their occupying 
structural basins and not valleys of erosion, and by their being 
identical lithologically with the Cretaceous deposits in the 
neighboring portion of the Sacramento Valley. 

The principal Cretaceous outlier is in the valleys of Indian, 
Redding and Brown’s Creeks, a few miles northwest of Bully 
Choop peak. It is about three square miles in area, and elon- 
gated in a direction west-southwest. It consists of several 
hundred feet of fine, well-stratified, yellowish sandstone and a 
little of the olive-colored shale so characteristic of the Upper 
Cretaceous in the Sacramento Valley. It rests unconformably 
on the Abrams mica schist. 

The next area is at the junction of the North Fork of the 
East Fork of Hay Fork with the main East Fork Creek. It 
occupies less than a square mile in area, but dips distinctly 
toward the center of the small basin. The lower bed is a 
coarse, mixed breccia and conglomerate. The angular frag- 
ments were derived from the underlying Paleozoic slates and 
cherts. This bed differs from the usual basal conglomerate of 
the Cretaceous in the Sacramento Valley, but its identification 
is made certain by its being overlaid by the olive-colored 
shales, whose characters are unmistakable. 

The third area occurs on the divide between Hay Fork and 
Salt Creeks, at the head of Dobbin Gulch. There is about a 
thousand feet of coarse conglomerates with some green sand- 
stone, yet the deposit is only about one square mile in extent. 
On all sides it dips distinctly toward the center of the basin at 
angles between 20° and 30°. It rests on Paleozoic slates and 
cherts, the Clear Creek volcanic series and the Bragdon slate, 
the latter of .very late Jurassic age. The pebbles, cobbles and 
occasional bowlders which compose the rock are, however, 
chiefly of white, yellow, brown, pink, blue and black quartz, 
derived from the rocks of the Klamath region but at some dis- 
tance from their present position. 

The fourth remnant occurs at the junction between Rattle- 
snake and Post Creeks and is about one and one-half square 
miles in area. It rests on the Clear Creek volcanic series, and 
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consists of several hundred feet in thickness of a fine pebbly 
conglomerate, overlaid by a coarser conglomerate. The peb- 
bles in the first are of quartz, have a remarkable uniformity 
in size and are perfectly rounded. They weather out and 
bestrew the surface as would a shower of marbles. They 
unmistakably indicate marine action. 

Another supposed Cretaceous remnant is found at the 
Sweepstakes mine, a few miles southwest of Weaverville, but 
it has not been studied in detail and its extent is not known. 
It consists of a hard conglomerate of fine pebbles resting on 
the edges of the upturned Paleozoic slates and cherts. 

The first four areas are Horsetown in age. The differences 
which are observed between them in going southwestward are 
exactly imitated by the basal beds of the Horsetown from the 
village of Horsetown along the foot of the mountains to Har- 
rison Gulch and Good’s Pass. At Horsetown the basal beds 
are shale and fine sandstone, as in the Indian Creek area. To 
make the identification complete, both Diller and Anderson 
have found the Horsetown fauna on Indian and Redding 
Creeks. Westward from Ono, the basal bed of the Horse- 
town is a heavy conglomerate like that of the Dobbin Gulch 
area; and near Harrison Gulch, there occurs in the Cretaceous 
the same peculiar pebble conglomerate as that of the Post 
Creek area. 

Undoubtedly the sea of the Horsetown epoch transgressed on 
the southeastern border of the Klamath region and deposited 
probably several thousand feet in thickness of conglomerates, 
sandstones and shales over what is now a rough mountain area. 
At the time of the submergence it must have been compara- 
tively even, but the heavy conglomerates tell of elevated and 
perhaps mountainous land in the interior of the Klamath 
region. 

This country, that became covered by the Horsetown sedi- 
ments, had previously suffered profound denudation. At the 
close of the Jurassic period, the stratified and already largely 
metamorphosed formations of Mesozoic, Paleozoic and perhaps 
earlier age, were intruded by three great series of batholiths, 
the first of peridotite, the second of gabbro and the last of 
granodiorite and allied plutonic rocks. These intrusions were 
accompanied by orographic activity of the greatest magnitude, 
for the whole area was thrown into a series of geosynclines, 
with many minor folds and faults. At the close of the dis- 
turbance the surface must have been very mountainous—a 
mountain system, in fact, made up of quite different and more 
massive ranges than those of to-day. Erosion slowly reduced 
these mountains. Most of their destruction was accomplished 
during the early Cretaceous time. Several thousand feet at 
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least of Mesozoic slates and meta-andesites were removed and 
the rivers cut deeply into the Paleozoic slates beneath. The 
denudation reached even to the plutonic masses and laid bare 
the coarse-grained gabbro and granodiorite which must have 
solidified at a considerable depth beneath the surface. As 
products of this erosion and of that accomplished in the Sierra 
Nevadas at the same time, we have in the Coast Range region 
many thousands of feet of sandstone and shale, the first chiefly 
Franciscan and the latter Knoxville in age. Judging from 
the work performed, this “early Cretaceous” period must 
have been a very long one, perhaps equal to all the time since. 

Base-leveling in the Klamath region continued through the 
Horsetown and Chico epochs. Northeastward from Horse- 
town the Chico formation laps past the Horsetown and from 
Clear Creek to far beyond the Sacramento River it is in con- 
tact with the metamorphic rocks as shown by Diller and 
others. The basal bed of the Chico is a fine sandstone, with 
no conglomerate whatever present in this area. Apparently 
the southeastern border of the Klamath region had been pretty 
thoroughly base-leveled before the opening of the Chico epoch, 
but the northeastern border seems to have still remained hilly, 
since the base of the Chico in Shasta Valley and the Siskiyou 
range is a heavy conglomerate. It is probable that even to 
the close of the Cretaceous, the central portion of the Klamath 
area remained elevated, but base-leveling had been affected 
around its borders, and a very slight depression was sufficient 
to cause the Upper Cretaceous strata to lap over on to it. 

Subsequently to the Chico epoch there occurred another 
profound orographic disturbance of the Klamath region. It 
was characteristically different from that which closed the 
Jurassic period. Much of the area and perhaps all seems to 
have been deformed into a series of deep, elliptical basins. 
The four principal Cretaceous remnants in Trinity County 
mark the deepest portions of four of these structural basins, 
each of which was elongated in a direction west-southwest, 
adjoined each other and virtually constituted a syncline sepa- 
rated from the Sacramento Valley by a rather prominent anti- 
cline. Perhaps my meaning may be clearer if I state that the 
four Cretaceous remnants are separated from each other by 
tracts of metamorphic rock which rise about 2000 feet above 
the deepest portions of the basins, but that the ridge of meta- 
morphic rocks which separates them from the Cretaceous in 
the Sacramento Valley is much higher. 

The average altitude of the bottom of the Cretaceous in the 
center of each basin is about 2500 feet. The ridge which 
separates them from the Sacramento Valley rises from an alti- 
tude of about 4000 feet at Harrison Gulch to over 7000 feet 
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in Bully Choop peak. On the south side of this range the 
Cretaceous strata dip away at an angle about the same as the 
general slope of the mountain, and Cretaceous remnants occur 
at a considerable height on its flank. Indeed, Cretaceous peb- 
bles and the gold derived from the basal conglomerate are 
widely scattered over the slope and indicate that Cretaceous 
strata in place have but lately disappeared from it. Near 
Harrison Gulch and at Good’s Pass, where the ridge is lowest, 
the Cretaceous strata reach to the very summit and curve over 
its top. A careful reconstruction of the plane of the base of 
the Cretaceous upon data furnished by the basins on the north 
of the ridge and the Cretaceous border on its southern slope 
shows that the summit and slopes of this range must corre- 
spond roughly with the Cretaceous base-level upon which, 
after submergence, the Horsetown was deposited. It is the 
Cretaceous base-level brought to light by erosion. This base- 
level was deformed near the close of the Cretaceous to just 
about the same extent as is the present surface. The north- 
east-southwest range of which Bully Choop is the principal 
peak is, in a certain sense, a structural range although its 
present topographic prominence is due entirely to erosion. It 
almost exactly coincides in position and form with a post-Chico 
range. The most remarkable thing about it is that this post- 
Chico mountain range was thrown up almost at right angles to 
the strike of the metamorphic formations forming its core and, 
hence, to the post-Jurassic mountain system. If the post- 
Chico Bully Choop range rose rapidly enough so that its sum- 
mit was not materially reduced by erosion during the move- 
ment, at its completion it was a ridge with a base on'the 
average 12 miles wide and rising in its highest peak over 7,000 
feet aboye the lowlands on the south and 4500 feet above the 
deepest basin on the north. It became the main drainage 
divide and has continued so to the present. 

We do not know whether the same sharp deformation of the 
surface in post-Chico time persisted over the entire Klamath 
region, but there are evidences that it did. Wherever the 
Cretaceous strata are found on the borders of the Klamath 
region, they are tilted at a considerable angle. On the north- 
eastern flank of the mountains, in Shasta Valley, in the Sis- 
kiyou Mountains and in the Rogue River Valley in Oregon, 
the Cretaceous strata rest upon the metamorphic formations 
with their original contact, but are tilted toward the northeast 
at a high angle, in a few places nearly vertical. There is a 
general rise of the Klamath region toward the northeast and 
the highest portion of the upland occurs on the immediate 
border, just beyond which the surface abruptly falls away to 
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the deep broad basin on the floor of which Mt. Shasta and the 
Caseade range have been built up. The phenomena are sim- 
ilar to those which characterize the Sierra Nevada region with 
its short steep slope on the east and a long gentle slope on the 
west, and suggest that the northeastern face of the Klamath 
Mountains marks the line of a great fault; but the relation 
between the steeply inclined Cretaceous strata and the older 
rocks shows that the structure is that of a sharp monocline 
rather than a fault. 

The Sierra Costa Mountains rise abruptly above a supposed 
Cretaceous remnant near Weaverville and on the northeast 
they are terminated by the sharp monocline above-mentioned. 
They must have been one of the abnormally elevated portions 
of the post-Chico mountain system. 

Berkeley, California. 
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Art. IX. — The Action of Copper Sulphate upon Iron 
Meteorites; by O. OC. FARRINGTON. 


In 1852 Wohler* announced the discovery that some iron 
meteorites, irrespective of their nickel content or structure, are 
passive to neutral solutions of copper sulphate, i. e., they do 
not reduce copper from such a solution. This passivity he 
stated could be overcome by introducing a piece of ordinary 
iron into the solution or by adding a few drops of acid. 

No data were given as to temperature, length of time allowed 
for deposition or the strength of the solution. The following 
meteorites were reported by him to be passive: Bemdego, 
Bohumilitz, Braunau, Cape of Good Hope, Green County 
(undoubtedly Babb’s Mill), Obernkirchen, the Pallas Iron, 
Red River (probably Cross Timbers), Schwetz, Toluca, and 
the terrestrial iron of Greenland. A number of other mete- 
orites which need not here be enumerated he reported at the 
same time as “active,” i. e., they reduced copper from the 
copper sulphate solution ; while those of a third class were 
designated as “intermediate,” i. e., they were nearly passive, but 
after remaining some length of time in the solution brought 
about a slow reduction of copper. That the passivity was a 
property of the entire mass of the meteorite seemed to be 
proved by the fact that when the surface of the meteorite had 
been made active and the coating of copper was removed by 
filing, it would again behave passive. 

Since the publication of Wohler’s article several other 
investigators of iron meteorites have tested their behavior 
toward copper sulphate with the result usually of finding them 
active, but the following, as listed by Cohen,t+ have been 
reported passive: Toluca by Krantz, Knoxville by Smith, 
Misteca by Bergemann, Octibbeha County by Taylor, Ohaba 
by Bukeisen (this is a stone), Charecas by Meunier and Lexington 


- Co. by Shepard. Two of these, however, were reported by other 


observers to be active, viz: Toluca by Pugh, Jordan and 
Taylor, and Chareas by Daubrée. The observers later than 
Wohler also failed to give details regarding the conditions 
of their experiments. Wicke and Wohler state that the 
Obernkirchen meteorite, after remaining a day, reduced no 
copper from its salts.t Smith states that Knoxville is passive 
with reference to the action of sulphate of copper, but when 
immersed in a solution of the latter and allowed to remain 
several hours the copper deposits itself in spots on the surface 
* Poggendorff’s Annalen 1852, vol. Ixxxv, pp. 448-9. 


Heft 1, p. 68. 
Ann, d. Chem. u. Pharm., 1864, vol. cxxix,, p. 123. 
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of the iron.* Meunier states that the section of Charcas was 
washed in alcohol and ether to remove grease and upon ita 
drop of solution of sulphate of copper was placed. At the end 
of some hours the drop had evaporated, leaving crystals of the 
salt but no copper.t 

Viewed simply as a matter of reasoning, it would seem quite 
impossible, with our present knowledge, to account for a 
passive behavior of meteorites independent of their nickel con- 
tent. As is probably generally known, nickel is less active to 
copper sulphate than iron, and it might be expected that the 
activity of alloys of iron and nickel would decrease in propor- 
tion as the percentage of nickel increased. But that some 
individuals of the same alloy (for iron meteorites are practically 
alloys of iron and nickel) should be entirely passive while 
others were normally active would be quite extraordinary. 
Wohler’s conclusion was that all iron meteorites were seobonl 
in their original state passive, but that throngh local terrestrial 
influences and the passage of time, some had since their arrival 
upon the earth become active. Meunier expressed the opinion 
that a peculiar molecular structure may be indicated by the 
passivity.t In view of the lack of details regarding the experi- 
ments upon which Wohler based his conclusions and the results 
he obtained, it seemed to me desirable to reinvestigate the 
matter to some extent. 

Of the meteorites listed above as passive, there are to be 
found in the collection of the Field Columbian Museum, 
specimens weighing from 10 to 1100 grams each, of the fol- 
lowing: Babb’s Mill, Bemdego, Braunau, Bohumilitz, Cape of 
Good Hope, Chareas, Cross Timbers, Knoxville, Lexington 
Co., Misteca, Pallas Iron, Toluca and the native iron of Green- 
land. These therefore were available for investigation. In 
order to test their activity each section was in turn immersed 
in a solution of 200 grams of Baker & Adamson’s C. P. copper 
sulphate to a liter of distilled water. The temperature of this 
solution was about that of the room, or 18° C. In this test 
every meteorite gave an active reaction. A perceptible depo- 
sition of copper took place upon each section within one to 
four minutes after its immersion. The only exception to this 

eneral rule was Knoxville, which in some trials deposited in 
our minutes but in others required twelve or fifteen minutes. 
In the same solution and at the same temperature about thirty 
minutes was required before deposition took place upon a 
piece of ordinary cube nickel the surface of which had been 
rendered bright by filing. A specimen of josephinite, how- 

* This Journal (2). xix, 155. 

+ Ann. Chim. et Phys., 4th ser., vol. xvii, p. 92. 

t Loe. cit. 
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ever, gave no deposit at all, though left twenty-four hours in 
the solution. With the exception of Knoxville and josephinite 
the period required for deposition seemed to correspond quite 
closely to the percentage of nickel. Thus ordinary iron would, 
as it is well known to do, take on a coating of copper almost 
instantly upon immersion in the solution. For the native iron 
of Greenland, which contains 2 or 3 per cent nickel, about 
thirty seconds were required. Irons like Charcas, Braunan, 
Bemdego and Lexington Co., which contain 4 to 6 per cent of 
nickel, required from one to two minutes, and Cape of Good Hope 
and Babb’s Mill, which have about 15 per cent of nickel, three 
to four minutes. The somewhat eccentric Knoxville is a mete- 
orite with a high percentage of nickel and josephinite contains 
72 per cent nickel. Incidentally, therefore, the experiments 
indicated that immersion of an iron-nickel alloy in a solution 
of copper sulphate will afford a rough test of the percentage 
of nickel contained in the alloy, and, since a meteorite must 
contain nickel, a quick means of distinguishing meteoric from 
terrestrial iron. 

To the experiments made in the above manner as compared 
with those of Wohler, the objection may be made that Wohler 
described his solution as a “ Lésung von neutralem schwefel- 
sauren Kupferoxyd,” while a solution of copper sulphate has 
normally an acid reaction. In order to remove doubt on this 
point a solution was prepared according to the method given 
by Blair.* Such a solution is one of 200 grams to the liter, 
but to it sodium hydroxide is added until a slight precipitate 
appears and the latter is removed by filtration. The solution 
still has an acid reaction, but the possible presence of free acid 
is avoided. 

The sections immersed in this solution gave, however, as far 
as could be observed, results exactly similar to those obtained 
with the simple solution. As no mention is made by Wéhler 
or other investigators of treatment to reduce the acidity of 
their solutions, it is highly probable that only the simple solu- 
tion was used. Employment of solutions of different strengths 
was likewise without effect on the results obtained. Tests 
were made with a solution of 100 grams to the liter and some 
intermediate strengths, but the fact of the deposition of the 
——- and the period required for its deposition seemed 
unchanged. 

Different temperatures were however of considerable influ- 
ence in changing the time required for deposition. Thus the 
cube nickel, which required thirty minutes at 18° C., reduced 
copper in five minutes when the solution was heated to 63° C. 


* The Chemical Analysis of Iron, 3d ed., p. 63. 
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The specimen of josephinite which reduced no copper at 18° C. 
gave a deposit in twenty minutes at 63° C. At temperatures 
below 18° C. the time required for the deposit is greatly 
increased. Thus, Cafion Diablo, which reduces copper in one 
minute at 18° C., required sixty minutes at 10° C, and at 0° C. 
was kept twelve hours without producing a deposit. Toluca, 
which acquires a deposit in two minutes at 18° C., required 
eighty minutes at 10° C. and at 6° C. was kept for four hours 
without receiving a deposit. It was not tried longer at this 
tem perature. 

In these tests it was found necessary to immerse the sections 
in water of the temperature whose effect it was desired to 
study, for some minutes before transferring to the copper sul- 
phate solution. Otherwise the heat of the section would cause 
deposition at an earlier period. Also a fresh section which 
had not been exposed to copper sulphate must be used, as 
traces of a previous deposit of copper would hasten deposition. 

The periods named as sufficient for deposition are in all 
cases somewhat approximate and variable, since the exact 
moment at which deposition begins can be determined only 
roughly by the eye. The general results are however sufti- 
ciently accurate for the purpose. They show nothing to sup- 
port Wohler’s belief that certain meteorites are inherently 
passive, but on the contrary point to the conclusion that mete- 
orites act like any other iron-nickel alloy. 

Daubree considers the deposition of copper due to the fact 
that the different alloys in a meteorite form electric couples,* 
but it hardly seems necessary to appeal to this force when 
deposition takes place so quickly upon a piece of iron not 
made up of different alloys. 

It is hardly essential to the purposes of this article to try to 
account for the results reported by Wohler and other observ- 
ers, but one or two suggestions may be made in this connec- 
tion. It is possible that some of the surfaces tested by these 
observers may have been rendered passive by treatment with 
nitric acid. This was quite probably the case with Misteca as 
treated by Bergemann, for he reports that upon freshly dis- 
solved (gelést) pieces he could get no deposit, while pieces 
from the outer surface of the meteorite without luster and of 
dark gray color were quickly coated.+ Wohler, however, 
expressly states that the sections which he tested had not come 
in contact with nitric acid. 

Again a slight film of grease or oxide may have prevented 
deposition of copper. -A substance so active to copper sul- 
phate even as iron will be found to have become passive, 


* Comptes Rendus, 1867, vol. Ixiv, p. 685. 
+ Pogg. Ann., 1857, vol. c, p. 246. 
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if heated a moment before immersion. This is probably on 
account of the film of oxide formed. The sections of Cape 
of Good Hope and Knoxville, which had an active behavior 
as treated ordinarily, I found to be thoroughly passive when 
reimmersed without rubbing after an interval of two weeks. 
No perceptible film of oxide could be detected, but on rubbing 
the surface with emery cloth deposition took place as before. 
There are some indications again that the molecular condition 
of the substance and especially of its surface may determine its 
degree of activity. For instance, a cube of nickel which was 
perfectly passive when treated in the ordinary way, no deposit 
being formed on it after standing 24 hours in the sulphate 
solution, although fresh surfaces were frequently exposed by 
abrasion, was made active by being heated to redness, cooled 
and again made bright by abrasion. A deposit of copper then 
formed within twenty minutes and the cube has shown active 
behavior since. The activity was the same both when the 
cube was cooled slowly and quickly. The specimen of josephi- 
nite previously mentioned as being passive at ordinary tem- 
peratures, was given a similar treatment, i. e., heated to 
redness, cooled and rubbed. It also became active under this 
treatment, reducing copper in a solution at the temperature of 
18° C. at some time within a period of twelve hours, the exact 
time not having been noted. It was noticeable in this case, as 
in many others, that deposition began and was most active 
about capillary cracks and fissures. This would indicate that 
capillary tension was influential in effecting the reduction of 
the copper, and it is reasonable to suppose that such would be 
the case, since the molecules are probably brought into closer 
contact in such situations. It is evident that several conditions 
may affect the degree of activity of a meteorite or any other 
iron-nickel alloy, but I have found nothing to accord with 
Wohler’s observation that passive meteorites which had been 
made active by contact with iron, after the reduced copper 
was filed off became again passive. While several phases of 
the subject invite further investigation, enough evidence seems 
to be obtained to warrant classing all meteorites as active to 
copper sulphate and dropping the designation of passive 
meteorites. 

I am indebted to my associate, Mr. H. W. Nichols, for a 
number of useful suggestions during the progress of the 
investigation. 

Field Columbian Museum, Chicago, IIl. 
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Art. X.—A Petrographical Contribution to the Geology of the 
Eastern Townships of the Province of Quebec; by Joun 
A. DRESSER. 


THAT portion of the Province of Quebec which lies south of 
the St. Execs River comprises two physiographically dis- 
tinct regions, viz.: The flat country of the St. Lawrence valley, 
and that part of the Appalachian mountain system which 
ioe to this province. The part of the latter which oceu- 
pies the Gaspé peninsula is known as the Shickshock mountains, 
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A Part of the Eastern Townships of the Province of Quebec. 


and that between the vicinity of Quebec city and the United 
States boundary line as the Notre Dame Hills. The district 
lying within the Notre Dame hills is commonly designated as 
the “ Eastern Townships,” the geological structure of which 
has furnished the theme of much well-known discussion 
during the past forty years. This has been chiefly connected 
with the question of the Quebec Group.* 


* “Geology of Canada,” 1863, pp. 225-297, by Sir W. E. Logan. 

‘*The Quebee Group in Geology,” Transactions of the Royal Society of 
Canada, vol. I, 1882, by A. R. C. Selwyn. 

‘*Notes on the Microscopic Structure of Some Rocks of the Quebec 
— Ann. Rept. Geological Survey of Canada, for 1880-1-2, by F. W. 
Adams. 

‘*The Quebec Group.” Appendix A to Harrington’s Life of Sir W. E. 
Logan, by Sir J. W. Dawson, 1883. 

Reports of the Geological Survey of Canada for the years 1886, J ; 1887-8, 
K; 1894, J, by R. W. Ells. 
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As originally defined by Logan and Billings, the Quebec 
Group embraced all the rocks of the Eastern Townships that 
are essential to the present investigation, and all were then 
regarded as of sedimentary origin. Subsequently, however, 
Hunt, on stratigraphical grounds, and Selwyn on stratigraphi- 
cal and lithological evidences, distinguished certain older 
measures, which were referred by the latter to the early Cam- 
brian and pre-Cambrian ages. The amplification of the views 
has been fully carried out by Ells in the reports of the geo- 
logical survey of Canada for the years 1886 and 1894. 

The only lithological changes embodied in these re- 
ports are in the recognition of the eruptive origin of 
the serpentines and the diorites, diabases, porphyrites 
and granites generally associated with them. These had 
been previously regarded as metamorphosed sediments. 
The silicates of magnesia were correlated with its carbonates, 
where dolomite occurred in the vicinity of the serpentine belt, 
and even in 1886, Dr. Selwyn, who had been the first to 
recognize the igneous origin of the serpentines, in a footnote 
appended to Dr. Ell’s report, maintains that the hornblende 
granites are probably products of metamorphism in situ and 
not true intrusives through the serpentine, as the latter writer 
correctly considers them to be. 

In respect to age, the serpentines and certain of the clastics 
were referred to the early Cambrian and the other eruptions to 
middle or late Silurian time, while three belts of supposed 
sedimentary rocks, running approximately parallel to the north- 
easterly trend of the Appalachians were classed as pre-Cam- 
brian. One of these appears for only a relatively short dis- 
tance along the boundary line between the province of 
Quebec and the State of Maine. The'second crosses the St. 
Francis river between the city of Sherbrooke and the vil- 
lage of Lennoxville. This may be known as the Ascot or 
Stoke Mountain belt, while the third, which crosses the St. 
Francis river a little way north of the town of Richmond, 
twenty-five miles northwest of the second, is generally designated 
as the Sutton Mountain belt. The structure of these bands, 
especially of the last mentioned, was long a crucial point in 
the Quebec group controversy, they being interpreted as syn- 
clines by the earlier investigators, and as anticlines by the 
latter. 

PETROGRAPHY.—Recent petrographical investigations by 
the writer have, however, shown that both the second and 
third of these pre-Cambrian belts consist largely, and in places 
entirely, of altered voleanicrocks. These are so highly 
altered and consequently so much disguised, that they have 
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been hitherto mistaken for sedimentaries, and have been 
accordingly treated on that assumption in all the stratigraphi- 
cal discussions regarding them. 

(a) In the Stoke Mountain belt the principal rocks exam- 
ined were taken from the township of Ascot, on the west 
side of the St. Francis river, between Sherbrooke and Lennox- 
ville. Others were taken from various points to the south- 
eastward on the upper Belvidere road and from the vicinity of 
the Suffield, Sherbrooke and Clark copper mines. The rocks, 
which are generally fine in texture, are of various shades of 
green and gray in color, and many are in advanced stages of 
metamorphism. In the thin section, however, the microstructure 
remains sufficiently distinct to clearly establish the igneous 
origin of practically all of these rocks, and even to identify 
the specific characters of several on the merely preliminary 
examination of them that has yet been made. 

Quartz-porphyry forms the hanging wall of the Silver Star 
mine at Suffield. It is of light gray in color, and from the 
prominence given the quartz phenocrysts by the bleaching of 
the base of the rock on weathered surfaces, it has been com- 
monly regarded as a species of sandstone. 

By the aid of the microscope the structure is found to be 
that typical of an effusive rock. A very finely crystalline 
base holds phenocrysts of quartz, which show in basal sections 
an uniaxial cross and positive sign; and also of feldspar, 
which extinguished in several cases with its principal axes 
parallel to the planes of the crossed nicols and hence is ortho- 
clase. A few feldspars are polysynthetically twinned and 
accordingly are plagioclase. Their extinction angles are 
small. Small rod-like individuals of colorless mica arranged 
in lines are presumably of secondary origin. They often 
occur within, or in association with, irregular areas of a 
rhombohedral carbonate, apparently dolomite. 

Granite-porphyry occurs near Lennoxville on the line of the 
Canadian Pacitic Railway. It differs from the quartz-porphyry 
chiefly in the more advanced character of its crystallization, 
both quartz and feldspar being distinguishable in the ground- 
mass. A little chlorite, pyrite, brown iron oxide, and color- 
less mica are also present. An incipient cataclastic structure 
is beautifully shown in both of these rocks. The quartz-pheno- 
crysts are sometimes reduced to mosaics of quartz grains, or 
at others are crossed by lines of crushed material, while the 
crystals on either side of the lines remain unchanged or show 
undulatory extinction. Being the largest single masses and 
of the most brittle material,. the quartzes thus appear in 
every case to be the first constituents to show the effects of 
purely dynamic metamorphism. A much altered rock form- 
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ing the hanging wall of the Clark mine was probably closely 
allied to the quartz-porphyry in its original composition. It 
rather closely resembles a specimen of “ sheared felsite” from 
the Gettysburg Railway, south of Clermont House, Monterey, 
Pennsylvania, seen in the petrographical collection of McGill 
University.* 

A greenish gray fine-textured massive rock is of large 
extent, especially in the southern part of this belt. In the 
thin section quartz is found in broken phenocrysts and also in 
smaller grains, presumably primary, in the rather fine holo- 
erystalline groundmass. Under high power (x220) feldspar 
appears in the groundmass in small lath-shaped individuals 
which extinguish at low angles with the principal axes. Epi 
dote and chlorite are abundant representatives of primary 
bisilicates. The rock would have originally been about of the 
character of a quartz porphyrite. 

A large part of the central and southern portions of this 
belt in the township of Ascot is occupied by a highly foliated 
rock of green color and massive appearance. Under the 
microscope a little feldspar is found in an aggregate of color- 
less hornblende, chlorite, epidote, dolomite and sericite, all of 
which are secondary constituents. 

This rock agrees essentially with the sheared greenstone 
from Jack’s Mountain ‘tunnel, near Monterey, Pennsylvania, as 
seen in the McGill University collection. 

A similar but more dolomitized rock occurs in various parts of 
the belt, one occurrence, of which is mapped as igneous on the 
map to accompany the Annual Report of the Geological Sur- 
vey of Canada for 1886. 

These rocks, though probably of several different ages of 
eruption, are generally much metamorphosed. But cutting them 
thereare dikes of camptonite and olivine diabase, which are 
quite undisturbed in position and comparatively little altered 
in mineralogical composition. They also cut the Lower Tren- 
ton strata along the edges of the belt, while these overlie 
the other igneous rocks of the region. Whence it appears 
that the Stoke Mountain, or Ascot belt, has been the. scene 
of voleanic activity at various periods through a long range 
of time, from pre-Cambrian to post-Trenton. A brief notice 
of the lithological character of those rocks has been recently 
given by the writer in a communication upon the copper- 
bearing rocks of the area,t and their general agreement in 
extent with the pre-Cambrian of the Geological Survey Map 
of 1886 pointed out. 

* Bulletin U. S. Geological Survey, No. 136, ‘‘ Ancient Volcanic Rocks 


of South Mountain, Pennsylvania,” by F. Bascom. 
+ Trans. Can. Min. Inst., Montreal, March, 1902. 
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(b) The igneous origin of a portion of the pre-Cambrian 
area, which forms the Sutton Mountain belt, was pointed out 
by the writer in a note to the Ottawa Waturalist of January, 
1901. Since that time the extent of the igneous portion has 
been more fully examined, especially to the northeast of the 
St. Francis river, and its structural relations better ascertained. 
It is found to comprise the greater part of the pre-Cambrian 
of this area, as shown on the latest geological survey map of 
the region, that of 1886. 

As far as examined, for a distance of some forty miles on 

either side of the St. Francis river the rock is an altered 
greenstone, very commonly amygdaloidal. In the microscopic 
section a little primary plagioclase sometimes remains, but in 
many sections the whole field consists of a secondary aggre- 
gate of chlorite, epidote, iron ore and leucoxene. The amyg- 
dules usually consist of quartz and zeolitic minerals. The 
rock is much foliated and has been generally described as a 
chloritic slate. Its resemblance to the basic rocks of the Ascot 
__ is very close. It, too, is important as a copper-bearing 
rock. 
In geographical position these voleanic belts form a link in 
the more westerly of the two chains of ancient volcanics des- 
ignated by the late Prof. G. H. Williams,* while in their 
lithologie characters they agree with certain of the South 
Mountain rocks of Pennsylvania in all essential respects.+ 
The Quebec rocks are, however, largely made up of the acid 
types, some of which agree essentially with rocks from Ascot. 
Most of the specimens are in less advanced stages of recrys- 
tallization than the rocks above described. 

The basic phases from the Stoke Mountain area as well as those 
which comprise the Sutton Mountain belt are closely analogous 
to the greenstones from the vicinity of Monterey. 


STRUCTURE.—As already stated, these rocks were formerly 
regarded as presenting synclinal structures, while the later 
investigators have believed them to form anticlines, the former 
view making them later in age than the adjacent rocks, the 
latter, earlier. With respect to relative age, the latter opinion 
is doubtless the correct one. The lowest sedimentary rock, 
dolomite, on the south side of Sutton Mountain belt in 
the township of Melbourne, for instance, contains fragments 
of the adjacent trap, and large areas of mica schists 


* The Journal of Geology, Jan.-Feb., 1894. 
+A collection of rocks from this locality, which is in the petrographical 


laboratory of McGill University, has been examined for comparison 
through the courtesy of Prof. F. D. Adams, to whom my best thanks are 
also offered for valuable aid and advice in several matters connected with 


this subject. 
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in the vicinity are made up of its débris. Other evidences 
also point to the later age of the sedimentary rocks, which 
generally belong to the Trenton formation, and none to 
the reverse relation. The change of view in regard to the 
origin of these rocks, from sedimentary to igneous, does not, 
therefore, necessarily alter the recent determinations either of 
their relative or of their actual geological age. It would, 
however, be well that the evidence on which the latter deter- 
mination was made should be carefully reviewed in the light 
of the present knowledge of their voleanic character. 

On the other hand, the elimination of these volcanics leaves 
the stratigraphical structure of the sedimentary rocks a much 
simpler one than has hitherto been supposed. 

A detailed study of the Sutton belt and adjacent forma- 
tions in the vicinity of the St. Francis river shows the sedi- 
mentary rocks of the Quebec Group to occupy a trough be- 
tween the volcanic ridge on the north and the serpentine belt 
at the south. Both these have apparently been covered by 
sediments which are now in part removed by denudation. 

A summary of the results of this study, therefore, shows: 

1. That at least the greater part of the pre-Cambrian or 
erystalline belts of the eastern townships of Quebec is of 
igneous, not sedimentary origin, as has been hitherto sup- 

osed. 
‘ 2. That these rocks are allied to the voleanics of South 
Mountain, Pennsylvania, especially to the basic types, and 
indicate the continuance of this class of rocks throughout the 
Appalachians, as was suggested by Williams. 

3. That the sediments of the region, which probably all 
belong to the Quebec Group, were deposited between and 
upon the preéxisting ridges of igneous material, which are 
now being uncovered by denudation, while the intervening 
valleys still remain deeply filled. 

The pre-Cambrian area near the international boundary line, 
before referred to, and also the extension of the Sutton belt 
into the State of Vermont, would furnish subjects of investi- 
gation of especial interest in connection with the areas herein 
described. 


Richmond, Quebec, Canada. 
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Art. XI.— The Action of Carbon Dioxide on the Borates 
of Barium ; by Louts CLEVELAND JONEs. 


(Contributions from the Kent Chemical Laboratory of Yale University—CVIII.] 


In 1888 Morse and Burton described “A Method for the 
Separation and Determination of Boric Acid.”* I published 
an article in 1898 entitled “The Action of Carbon Dioxide 
on Soluble Borates,’’+ an account of certain results not in accord 
with those of Morse and Burton. More recentlyt Morse and 
Horn record at some length “ preliminary experiments ” made 
in an effort to substantiate the original analytical results of 
Morse and Burton. 

I have waited for some time for the promised resumption of 
these experiments, and lest further silence be misunderstood, 
will show that the action of carbon dioxide and boric acid, in 
the presence of the one base—barium hydrate—both in the 
dry state and in solution, is that which I pointed out in my 
original paper, and, further, that these later experiments of 
Morse and Horn, correctly interpreted, completely substan- 
tiate this position. 

The question is concerning the action of carbon dioxide gas 
upon a mixture containing boric acid and an excess of barium 
hydrate, viz: what part of the total barium is converted into 
carbonate and, upon evaporation and ignition, how much, if 
any, of this barium carbonate is reconverted into borate ? 
Indirectly, and stated differently, it is : Can boric acid, when 
once separated, be brought into definite and weighable condi- 
tion by the method recommended by Morse and. Burton? 
(Loe. he Despite the title of the contribution of Morse and 
Burton, Morse and Horn now regard the separation of the 
boric acid “as the most, and in fact the only, important feature 
of their contribution.” 

The following is the entire description of that part of the 
process relating to the determination of the boric acid as 
originally given by Morse and Burton: “ The quantity of the 
dilute barium hydroxide solution” (about 25°) “which is 
equivalent to 25° of the standard sulphuric acid ” (1V/10) “ is 
run into the flask, and the apparatus attached to a filter-pump.” 
This is done preparatory to receiving the alcoholic solution of 
boric acid—a little over 75°. “ Finally, the excess of the 
barium hydrowide is precipitated by passing into it a current 
of carbon diowide; the contents of the flask are transferred to 

* Am. Chem. Jour., March, 1888, vol. x, pp. 154-158. 


+ This Journal, vol. v, pp. 442-446, June, 1898. 
t Am. Chem. Jour., August, 1900, vol. xxiv. 
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a platinum dish, evaporated to dryness, and heated to a con- 
stant weight over a triple burner.”* 

In my original article I made three claims: 1st, that the 
metaborate of barium may be decomposed by gaseous carbon 
dioxide ; 2d, that the boric acid thus “ liberated ” may be lost 
by volatilization ; 3d, that the. metaborate of barium and the 
carbonate may interact at high temperatures with the loss of 
carbon dioxide. These facts preclude the use of the method 
described by Morse and Burton for the determination of boric 
acid. The more recent experiments of Morse and Horn not 
only substantiate these facts but disclose a fourth objection to 
the use of this method for its original purpose, viz: the dift- 
cult dehydration of the metaborate of barium, concerning a 
mixture of which with barium carbonate, Morse and Burton 
originally said that it “ being neither markedly hygroscopic nor 
capable of absorbing carbon dioxide, can be brought to a con- 
stant weight more readily than one containing oxide of calcium 
or magnesium.” 

The decomposition of barium metaborate.—That barium 
metaborate may be decomposed by carbon dioxide in aqueous 
solution, is proved by my original experiments ; and now is 
corroborated by those of Morse and Horn. These authors, 
however, urge that, in alcoholic solations—78 per cent—the 
boric acid would be in the form of metaborate of barium 
only and this should be unattacked to the extent of its insolu- 
bility. To test this point directly, carbon dioxide was passed 
into equivalent parts of barium hydrate and boric acid in 78 per 
cent alcoholic solution. The precipitate gave abundant evi- 
dence of the presence of carbonate, showing decomposition of 
the metaborate. The extent of this decomposition was deter- 
mined quantitatively by determining the carbon dioxide in 
another similar precipitate. Barium hydrate and an excess of 
boric acid in a mixture consisting of 73 per cent alcohol, were 
treated in the cold for three hours with carbon dioxide. The 
precipitate was filtered, washed, and analyzed for carbon 
dioxide with the following result : 

Ba(OH), taken, 0°7883 grm.; B,O, taken, 0°3576 grm.; 
excess B,O,, 0°0357 grm.; CO, found, 0°2042 grm.; CO, in 
total barium carbonate, 0°2024 grm. 

Evidently the metaborate of barium in aleohol was completely 
decomposed by carbon dioxide and the boric acid liberated. 

Another experiment was made as above, except that equiva- 
lents were taken and the treatment with carbon dioxide was 
discontinued after thirty minutes. After stopping the flow of 
carbon dioxide, the mixture was boiled for three minutes, to 
remove any excess of gas. The precipitate was filtered, washed 


* The italics, as in other quotations to follow, are mine.—L. C. J. 
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with 150° of hot water and analyzed for carbon dioxide. The 
result was as follows: 

Ba(OH), taken, 0°4879 grm.; B,O, taken, 0°1788 grm. ; aleo- 
hol, 76 per cent ; CO, found, 0°1135 grm. ; CO, in total barium 
carbonate, 0°1124 grm. 

Upon evaporating to small volume the filtrate from this 
experiment, boric acid in abundance crystallized from the solu- 
tion. Under these conditions, then, well within the limits of 
the recommendations of the Morse and Burton process, it is 
clear that barium metaborate is completely converted into 
carbonate with consequent /éberation of boric acid, and that 
alcoholic solutions in no way prevent the action. 

It might be argued that, in an evaporating mixture contain- 
ing barium carbonate and boric acid in 78 per cent solution, 
the reaction would be reversed after the volatilization of the 
alcohol and the solutions became more concentrated. Indeed, 
Morse and Horn use this explanation (p. 110). To test this 
hypothesis, equivalent. parts of barium hydrate and borie acid 
in alcohol were treated with carbon dioxide for two hours, the 
mixture evaporated to dryness and the carbon dioxide remain- 
ing in the dry residue determined. The following results 
were obtained : 

Ba(OH), taken, 0°4554 grm.; B,O, taken, 0°1860 grm.; 
-aleohol, 82 percent; CO, found, 0°1018 grm.; CO, in total 
barium carbonate, 0°1169 grm. This shows that even with the 
very strong alcoholic solution, which was used by mistake, 
about 90 per cent of the metaborate was converted into carbo- 
nate and remained as carbonate after bringing to dryness. 

To demonstrate, in another way, the presence of boric acid 
after the treatment recommended by Morse and Barton, I 
have used the methyl alcohol flame-test. Equivalents of 
barium hydrate and boric acid (I have used the word equiva- 
lents repeatedly, meaning quantities to form exactly the most 
important salt under discussion, viz: metaborate) were evapo- 
rated to dryness, methyl alcohol added and burned without 
getting the slightest indication of free boric acid. Again, 
equivalents of barium hydrate and boric acid were treated 
in alcoholic’ solution with carbon dioxide, the ethyl alcohol 
and water removed by evaporation, and methyl! alcohol applied 
and burned with unmistakable indications of free boric acid— 
burning with aolid green flame. 

Since free boric acid does not decompose barium carbonate 
upon evaporation, the question arises as to what is the tem- 
perature required to bring about this decomposition. The 
following experiment throws some light upon this point : finely 
divided anhydrous boric acid (0°1925 grm.) and barium car- 
bonate (0°5177 grm.) were mixed in a platinum crucible, 
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moistened with water and allowed to stand sixty hours. The 
contents of the crucible were then dried on a steam bath and 
afterwards heated for thirty minutes in an air bath at 350° C. 
The carbon dioxide remaining in the mixture was determined 
and found to be 0:0844 grm. Total CO, in BaCO, taken, 
0°1154 grm.; CO, liberated by B,O,, 0°0310 grm.; CO, dis- 
placeable with formation of Ba,OB,O, by B,O, taken, 0°1210 
grm. Therefore, 74°38 per cent of the boric acid taken, if 
still unvolatilized, remains uncombined—at 350° C. 

From the foregoing experiments, then, it is obvious that 
carbon dioxide decomposes the metaborate of barium in either 
aqueous or alcoholic solutions, and a portion, at least, of this 
boric acid liberated not only remains uncombined after evapo- 
rating to dryness but even upon heating to a high temperature. 

Loss of borie acid by volatilization.—It is scarcely conceiv- 
able that a mixture of boric acid and barium carbonate in water 
should not lose an appreciable amount of. boric acid on evapo- 
ration. Morse and Horn have found a detectable loss of boric 
acid from treating aqueous mixtures of barium hydrate and 
boric acid with carbon dioxide and evaporating. The carbon 
dioxide was stopped shortly after the alkaline coloration with 
phenolphthalein was destroyed. The quantity found by them 
is given, and varies from 0°0001 grm. to 0:00016 grm.; in one 
instance exactly 0-00012 on 0:0633 grm. of total boric acid 


0°00636 + 0°02538 
present: 13-77 + 3-448 = 0:0633 grm. 
The decrease in weight should be even more noticeable in the 


presence of alcohol, though Morse and Horn did not detect 
more than 0°0040 grm. B,O, [(1/14200)x 50 = 0:0040] and 


_ this only when the concentration of aleohol arose above 92 per 


cent. Amounts below one part in 14,200 they were not able 
to discover. 

The actual amount of boric acid volatilized on evaporating 
such mixtures to dryness is, of course, small, but certainly 
appreciable. Furthermore, under the analytical conditions 
described by Morse and Burton, the greater loss of boric acid 
doubtless occurs with the escape of water of combination 
between the temperature 100° C. and that at which the boric 
acid completely replaces its equivalent of carbon dioxide in 
barium carbonate. This temperature I have shown by experi- 
ment to be at least above 350° C. On the other hand, as was 
shown in my original paper, under extreme conditions, by 
the use of methy! alcohol and a continuous current of carbon 
dioxide, it is possible to volatilize all the boric acid from a 
mixture of barium hydrate and barium metaborate. 

The interaction at high temperatures of the carbonates and 
borates of barium.—l have shown that the treatment recom- 
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mended by Morse and Burton may result in a mixture con- 
taining barium carbonate and barium metaborate, or barium 
carbonate, barium metaborate and boric acid, or, indeed, barium 
carbonate and free boric acid. Of these compounds, both the 
barium metaborate and boric acid retain water considerably 
beyond 100° C. 

Morse and Burton assumed that they had, after evaporation, 
a mixture containing only barium carbonate and barium 
metaborate. Morse and Horn explain it as follows: “It may 
be urged that even if Morse and Burton had the metaborate in 
insoluble condition, and it had been sensibly attacked during 
the treatment with carbon dioxide, nevertheless, in the subse- 
quent attempt to heat the dried residue to constant weight, 
the metaborate must have attacked the carbonate. It has 
since then come to light that some caution must be exercised 
in this part of the manipulation. In the original description 
of the method, it was simply stated that the residue was 
heated to constant weight over a triple burner. The practice 
then, and on the few occasions when the process has since 
been used, was to hold the burner in the hand and rapidly 
play the flame over the platinum dish in order to secure as 
uniform a temperature of the contents as possible. The object 
in using a triple burner was not to obtain a very high tempera- 
ture, which is not necessary, but, rather, to employ a flame 
large enough to keep the whole dish hot. No difficulty was 
experienced, when the heating was conducted in this manner, 
in guickly obtaining constant and correct weights. Neverthe- 
less, it must be admitted, the authors of the method did not at 
that time suppose that the temperature at which the meta salt 
will attack the carbonate is so low as it has since been found 
to be. The temperatures employed by Jones were evidently 
Jar above those to which Morse and Burton heated their mix- 
tures of metaborate and carbonate.” 

The use of a triple burner to secure gentle and uniform 
heating is unusual. Indeed, Morse and Horn use it in experi- 
ment XIV for a quite different purpose, i. e., to secure a tem- 
perature which decomposed the carbonate and borate mixture 
present. That the temperatures employed by me in my 
original experiments were not “far above those” used by 
Morse and Burton, can be answered best by the words of Morse 
and Horn: “ At a full red heat the meta salt attacks the car- 
bonate with expulsion of carbon dioxide” (page 130). ‘ The 
temperature at which a mixture of the metaborate and the car- 
bonate of barium is stable and which is still sufficiently high 
to insure the dehydration of the former, appears to be just 
under a red heat” (page 130). Morse and Horn do not, how- 
ever, produce any evidence to show that the meta salt is dehy- 
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drated below red heat. In fact, their experimental evidence 
points the other way: “The experiment of heating the mate- 
rial, after treatment with carbon dioxide, until the weight fell 
below that calculated for a mixture of metaborate and car- 
bonate, and then of exposing it in the air until the weight 
became very nearly constant, and finally, of removing the 
slight excess of weight by placing the material over calecinm 
chloride or sulphuric acid, was many times repeated and 
always with a satisfactory degree of success except in two 
cases. In these it was suspected that, while some portions of 
the material had been heated high enough to decompose the 
carbonate, other portions had not reached the temperature 
required for the complete dehydration of the metaborate ; for 
it was observed that the weights gained in the air on these 
occasions far exceeded the calculated deficits.” Evidently, the 
temperatures at which decomposition of the carbonate and 
dehydration of the metaborate of barium takes place, cannot 
be far apart when both processes are going on in the same 
crucible. 

I quote further (page 133): “In general, it was found diffi- 
cult, by heating in our bath, to bring the too great initial 
weight of the material down to that calculated for a mixture 
of metaborate and carbonate, though in one case (No. XXX) 
this was accomplished by heating in the bath for three hours 
over three burners. The temperature on this occasion, how- 
ever, rose so high that the thermometer was removed.” The 
thermometer used registered as high as 550° C. 

The conditions described above can only be accounted for 
in two ways, viz: (1) The metaborate has been decomposed 
by carbonate dioxide, though this treatment was stopped five 
minutes after the disappearance of alkalinity with phenolph- 
thalein—and the barium carbonate has not at this temperature 
been decomposed ; or (2) the metaborate still contains water. 

A combination of both these explanations, doubtless, more 
nearly expresses the truth. Morse and Horn, however (page 
134), seem to prefer the latter explanation. “ This,” they say 
(i.e., the behavior of the ignited mixture in experiment XXX), 
“led us to suspect that the temperature at which complete 
dehydration occurs and that at which the metaborate begins to 
attack the carbonate cannot be very far apart.” 

The experiments made by Morse and Horn in an effort to 
show how these mixtures can be “ quickly ” brought to “ con- 
stant and correct weights” are interesting, but not conclusive. 
They proposed (page 119) “to determine also the effect of 
exposing these mixtures, after heating, in an atmosphere con- 
taining carbon dioxide” with the object of finding “the tem- 
perature at which it was presumed a mixture of the metaborate 
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and the carbonate of barium is stable, or rather the temper- 
ature at which it becomes stable.” All these experiments, 
and those in which the mixtures were exposed to the air and 
dried in a dessicator, prove nothing; in fact, Morse and Horn 
only draw inferences from them (page 134): “ From this it 
appears probable that the more basic borate which is formed 
at high temperatures, is decomposed at ordinary temperatures 
by the carbon dioxide of the air and reconverted into the 
borate and carbonate. A similar absorption of carbon dioxide 
takes place when material whose weight has been reduced 
below the normal amount, is reheated in the bath at temper- 
atures under 500° C. From this it is énferred that normal 
weights could be quickly obtained by first heating to a high 
temperature and then at a lower one, but we have not yet 
tried the experiment.” 

Those final and satisfactory weights which are sometimes 
obtained may be due to the presence of an excess of carbon 
dioxide or water, or both, in an amount sufficient to replace 
any boric acid volatilized in evaporation and especially with 
the water of hydration. That Morse and Horn did have 
present in these experiments at the beginning of evaporation 
some free boric acid—or, if it is preferred, a more acid borate— 
and a corresponding increase in the amount of carbonate, is 
certain, because in all these experiments of which the results 
are recorded, carbon dioxide was passed for not less than 
fifteen minutes, or when phenolphthalein was used as an indi- 
cator, usually for five minutes after the disappearance of the 
alkaline reaction. 

In my original paper I suggested the use of phenolphthalein 
to prevent too great an excess of carbon dioxide and corre- 
sponding decomposition of the metaborate. In a recent experi- 
ment I have tested the action of a metaborate in alcoholic 
solution upon this indicator, and find that exact equivalents of 
barium hydrate and boric acid in 78 per cent alcohol give a 
decided alkaline reaction, and that this alkaline coloration dis- 
appears only when about 36 per cent more boric acid is added. 
It is clear that phenolphthalein gives indication, not when the 
excess of barium hydrate is converted into carbonate, but at a 
point considerably beyond. Morse and Horn, then, were 
working with barium carbonate and an acid borate, and in 
many cases, most certainly, with barium carbonate and free 
boric acid. 

If by accident—and I see no other way of doing it—the 
action of carbon dioxide is stopped just when the excess of 
barium hydrate has been converted into carbonate, still noth- 
ing is gained; for the experiments of Morse and Horn—if 
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they show anything—make it clear that even these salts can- 
not be weighed with safety. 

These experiments leave nothing more to be done to prove 
the impossibility of bringing to definite and constant weights 
the mixtures resulting from the method described by Morse 
and Burton. Furthermore, in the promised forthcoming con- 
tinuation of this study by Morse and Horn, I see no possibility 
of any other deduction. 

In conclusion, then, I reiterate:—First. Carbon dioxide 
decomposes the metaborate of barium-in either aqueous or 
alcoholic solutions. 

Second. The boric acid liberated may in part escape during 
evaporation to dryness and especially before reaching that 
temperature at which it has completely recombined with the 
barium, replacing carbon dioxide. 

Third. A mixture, containing barium carbonate and hydrated 
borie acid, or barium carbonate with the hydrated metaborate 
and boric acid, or even barium carbonate and hydrated metabo- 
rate, cannot with safety be brought to definite composition for 


weighing. 
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Art. XII.—Studies in the Cyperacee; by THeo. 
XVI. Carices (C. genuine) physocephale and leucocephale. 
(With figures in the text.) 


THE old section Psyllophore has generally been abandoned 
in later years as being too artificial, because it comprises both 
Vignew and Carices genuine, and several authors have striven 
to classify these monostachyous species in sections among 
higher developed types as “forme hebetatw” of these. But 
it is often a most difficult task to undertake such arrangements, 
inasmuch as there are not a few monostachyous species that 
seem to stand as isolated types so unlike the others, that in 
several cases one feels obliged to consider them as species with 
no immediate affinity to any section of the higher developed 
types.--This is, for instance, the case with the remarkable 

‘arex Frasert Andrews, with C. Breweri Boott and the puz- 
zling C. physodes Bieb., which considered by themselves 
exhibit characters that are sufficient to make them represent 
roups of their own, in other words, “ monotypic sections.” 

evertheless, the only suggestion that has been made, so far, 
in regard to the classification of these three species was to refer 
them all together with a fourth species, C. Engelmannii Bailey, 
to one section: Physocephale, alluding to the inflated utricle. 

A critical examination of these species has, however, con- 
vinced us that they do not demonstrate any very close affinity 
to each other, hence that they ought to be regarded as consti- 
tuting several sections instead of one; moreover C. physodes 
is truly a member of the Vignew. . Having made a special 
study of monostachyous species for the purpose of connecting 
them with the higher types, C. Yraseri has actually been one 
of those whose possible affinity has aroused our curiosity more 
than most of the others. So far, we have been unable to trace 
any affinity to the other sections, as defined by Drejer,* near 
enough to unite it with any of these. And a consideration of 
its supposed allies, enumerated above, has not thrown any light 
upon the subject, but rather induced us to make a segregation. 
Let us examine each type of this section “ Physocephale” by 
itself, and first of all C. Frasert. In regard to the peculiari- 
ties of this species it is not necessary to present any long dis- 
cussion, since we have already described the species in this 
Journal,t but we may recall a few of the facts to which we 
have called attention, viz: The monopodial ramification of 
the rhizome with its single assimilating leaf; that this leaf has 
no sheath or ligule differentiated, no midrib and no bulliform 


* Drejer S., Symbol Caricologice. Opus posthumum ab academia scient. 
Danica editum, 1844, p. 9. 
t Vol. iii, 1897, p. 121. 
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cells, which is the more peculiar when we consider the unusual 
breadth of the leaf-blade in contrast to other broad-leaved 
species; furthermore that the stem above ground, the culm, 
is flat and hollow. These are features of such importance that 
the species may be well separated from all the other Carices as 
occupying a section of its own among the Carices genuine. 
Its snow-white inflorescence and broad, deep-green leaf gives to 
the plant a very singular aspect, yet the minor structure of the 
staminate and pistillate flowers is that of a true Curea. 

The atricle is small for the size of the plant and the texture 
is very thin on account of the very delicate structure of the 
epidermis and the poorly developed mesophyll, besides that the 
very weakly developed mestome-bundles are only supported by 
a few strata of thin-walled stereome. None of these characters 
are mentioned by Professor Bailey, who established the section 
Physocephale. * 

In passing to describe the other species, formerly supposed 
to represent allies, C. Breweri Boott also shows, to some 
extent, a peculiar habit, though only in respect to the structure 
of utriculus. Boott+ describes the utricle in this way: “ peri- 
gyniis ovalibus amplis inflatis tenuissimis, leviter nervatis glab- 
ris fulvis rostellatis, ore albido oblique secto,” and he com- 
pares the species, as far as concerns the large, inflated perigy- 
nium, with C. Mertensii and C. Banksii ; the plant, however, 
shows no affinity to any of these two species. The utricle of 
C. Breweri is, thus, very large and inflated, altogether very 
unlike that of C. Fraseri, and we might state furthermore 
that the anatomical structure is, also, very different. Only the 
outer epidermis persists; it is very thin-walled and constitutes 
the only tissue between the two mestome-bundles, which are 
surrounded by a few layers of mesophyll, while no stereome 
was observed in our material. The leaves of C. Breweri are 
very narrow, almost filiform, with a shallow groove on the 
upper surface (fig. 5), and glabrous with exception of the mar- 
gins, where short, prickle-like projections are developed in a 
few rows. The epidermis shows the outer cell-walls very much 
thickened, and the stomata, which are here restricted to the 
dorsal face of the blade, are slightly sunk below the outer cell- 
wall of epidermis; no bulliform cells are developed. The 
mesophyll consists of about six layers of palisades, arranged 
vertically on the leaf-face, partly surrounding the mestome- 
bundles and located close to the dorsal face of the blade. But 
the greater portion of the leaf is occupied by a colorless tissue, 
which soon breaks down and forms lacunes of quite considera- 
ble width. The stereome is thick-walled and accompanies the 

* A preliminary synopsis of North American Carices, 1886, p. 132. 
+ Ill. genus Carex, vol. iv, p. 142. 
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larger mestome-bundles as hypodermal groups on the leptome- 
side of these, while it is much less developed on the hadrome- 
side; the smaller mestome-bundles have mostly only a few 
stereome-cells on the leptome-side; an isolated group of ster- 
eome is located in the leaf-margin. In regard to the mestome- 
bundles, these are all arranged in one band, large and oval in 
alternation with small, almost orbicular; they are surrounded 
by a thin-walled, green parenchyma-sheath, besides by a mes- 
tome-sheath of which only the inner cell-walls are thickened ; 
no thick-walled mestome-parenchyma was observed. 

Carex Breweri exhibits a leaf-structure, which corresponds 
in most respects with that of the two similarly narrow-leaved 
Carices from the dry rocks in the alpine and arctic regions: C. 
nardina Fr. and C. elynoides nob. besides with that of Hlyna 
Bellardi Koch. When compared with the narrow-leaved spe- 
cies, which occur in wet places, for instance: C. pulicaris L., 
gynocrates W omskj., dioica L., paralela Leest. and exilis Dew., 
we noticed a prominent difference in the leaf-structure, depend- 
ing upon the non-differentiation of the large colorless tissue, 
besides that the cross-section is more or less triangular in 
contrast to the almost hemicylindric outline, observed in C. 
Breweri. 

In regard to the culm, this is cylindric, furrowed and gla- 
brous; the internal structure corresponds with that of the leaf 
and the central portion is occupied by a large, thin-walled pith, 
separated from the narrow layers of mesophyll by wide lacunes. 
There is, thus, a very important difference from a morphologi- 
cal and anatomical viewpoint between C. Fraseriand C. Breweri, 
and no evidence of affinity, close enough to consider them as 
members of the same section is, so far, apparent. 

The third species, which by Professor Bailey is enumerated 
as one of his Physocephala, is C. Engelmannii Bail., very 
briefly described in his preliminary synopsis (I. ¢.). This inter- 
esting species was first collected by Dr. Geo. Engelmann, in 
the upper Clear Creek region of Colorado, at an elevation of 
12,000 ft., and it appears to be very rare, as it has only been 
found once since by Dr. P. A. Rydberg, who rediscovered it on 
the high mountains near Silverplume, Colorado, in the same 
region from where it was first recorded. Since the species is, 
thus, very little known, we have thought it worth while to 
present an illustration of it (fig. 1), showing one of the speci- 
mens, which Engelmann collected, and which was kindly loaned 
to the writer by Professor William Trelease. Furthermore we 
append a diagnosis, since, as stated above, the plant has hitherto 
only been briefly described, and since some of its more salient 
characters have been overlooked. 
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Fie. 1. Carex Engelmannii, natural size. 

Fic. 2. Scale of pistillate flower of same, magnified. 

Fic. 3. Pistil of same; R = the rhacheola, magnified. 

Fic. 4. Longitudinal section of utriculus with the pistil and rhacheola of 
same, magnified. 

Fie. 5. Transverse section of leaf of Carex Breweri ; V.F. = ventral face ; 
magnified. 

Fic. 6. Transverse section of same ; Ep. = epidermis of the ventral face ; 
C. P. = part of the colorless tissue ; magnified. 

Fic. 7. Inflorescence of Carex physodes ; copied from Boott’s plate ; two- 
thirds natural size. 
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Carex Engelmannii: Rhizome stoloniferous, densely matted : 
culms numerous until 15™ in height, erect, cylindric, sulculate, 
glabrous: leaves a little shorter than the culms, often curved, 
filiform, scabrous above, their sheaths light brown, persisting, 
not fibrillose: spike one, androgynous, globular, 1° in length: 
scale of staminate flower lanceolate, reddish brown with pale 
midrib: scale of pistillate flower (fig. 2), broader, acute, red- 
dish brown with pale, excurrent midrib and membranaceous 
margins: utriculus (fig. 4) membranaceous, glabrous, tapering 
into a distinct bidentate-beak, at maturity not surpassing the 
scale, two-nerved, the nerves obsolete: caryopsis stipitate, 
obovate: rhacheola (R. in fig. 3) quite long: stigmas three. 

The presence of the very distinct rhacheola was observed by 
Engelmann, who had made some sketches in lead-pencil repre- 
senting the utricle and the pistil, which accompanied the 
specimens. In a pressed and dried state the species somewhat 
resembles C. Breweri, but when prepared in diluted alcohol 
the utricle shows a marked difference by being much narrower, 
much less inflated and especially by the beak being bidentate; 
but the anatomical structure of this organ, the utricle, agrees 
otherwise with that of C. Breweri. 

In considering the leaf of C. Engelmannii, this is somewhat 
broader and distinctly conduplicate, with a larger ventral face ; 
the outer cell-wall of epidermis is heavily thickened, and 
roundish papille abound on the upper surface; no bulliform 
cells are developed, and there are only two or three strata of 
colorless tissue on the upper face in the middle of the blade, 
separating epidermis from the green parenchyma. The meso- 
phyll consists of very irregular palisades with large intercellular 
spaces and shows besides several lacunes of considerable width. 

he stereome and the mestome bundles show the same develop- 
ment as observed in C. Breweri. 

The culm is very thin and furrowed, and exhibits a very 
open internal structure. The cortical parenchyma is traversed 
by wide lacunes separated from the pith only by a single or 
two layers of green parenchyma, and the pith itself is very 
thin-walled-and broken down in the center. 

The fourth member of Professor Bailey’s Physocephala is 
Carex physodes Bieb., but it is hardly necessary to mention 
this species any further since it being a “ Vignea” can not 
possibly be placed in this section of “Carices genuine.” We 
have copied one of the inflorescences, figured by Boott (fig. 7), 
and it is at once noticed that the utricles exhibit a very anoma- 
lous structure, described by Treviranus in Flora Rossica as 
follows: “ Utriculas maturescens magnitudine et forma fruc- 
tuum Cornit mascule et Taxi baccate, angulis destitutus, 


f 


62 T. Holm—Studies in the Cyperacee. 


multisuleus, glaberrimus, colore foliorum V2tzs aridorum, rostro, 
quod ante maturitatem bifidum est, nunc obsoleto. Species 
nulli ceterarum affinis.” Boott, in illustrating the species, 
reprints Bieberstein’s diagnosis and declares himself unable to 
decide its affinity unless it be near C. baccans Nees, which, 
however, is one of the “Jndicw.” It isa very rare plant, but 
has been recorded again by Meinshausen* from sandy soil on 
the Southern plains between Volga and the Caspian sea, and 
this author enumerates it among the Homostachye “ spiculis 
homogeneis androgynis.” 

But neither Boott or Meinshausen have expressed any doubt 
as to the normal condition of this singular plant. However, 
Treviranust himself, but several years after the publication of 
Ledebour’s Flora Rossica, calls attention to the possibility of 
the utricles being abnormally developed, and the abnormality 
being evidently due to the puncture of some insect, as we are 
used to observe in other species of Carex, e. g. C. vulpina, C. 
paniculata and very commonly in C. disticha. And there are 
actually some points in Bieberstein’s diagnosis which seem to 
confirm Treviranus’ suspicion, namely, the structure of the 
anthers, “ polline emisso, ad basin usque in lobos duos dehis- 
centes, ut tune filamentum apice biantheriferum appareat,” 
and the structure of the ‘utricle, “dentibus oris duobus conni- 
ventibus exilibus, in maturo vix superstitibus,” besides the 
comparison of the utricle with the fruit of Cornus or Taxus. 

The section Physocephale as established by Prof. Bailey is 
thus, to say the least, an assemblage of incongruities and can 
not be maintained. Carex physodes, whether it be abnormal 
or not, must be placed among the “ Vignew” on account of its 
inflorescence and two stigmas. Carex Fraseri can not by any 
means be regarded as an ally of Carex Breweri on account of 
its morphological and anatomical peculiarities, and we suggest 
to place it in a section of its own, to which we designate the 
name “Leucocephale,” characterized as follows: Spike one, 
androgynous, snow-white; perigynium thin, glabrous, elliptic 
with the beak very short, obliquely cut; leaf broad and flat 
without sheath, ligule or midrib; culm flattened; stigmas 3. 
Only species Carew Frasert Andrews. 

Carex Engelmannii appears, on the other hand, well refera- 
ble to Drejer’s Physocarpe as a “forma hebetata,” and of 
which the diagnosis of the section is defined as follows: 
“Spicee mascule femineseque plures, breviter pedunculate. 
Bracteee foliacese, evaginate. Perigynia membranacea, nervata, 
glabra, valde inflata, rostrata ore distincte bifido vel bicuspi- 


* Cyperaceen der Flora Russlands. (Acta hort. Petrop. vol. xviii, 1901.) 
+ Ad Caricographiam Rossicam, Moskow, 1863, p. 4. 
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dato. Stigmata terna, stylus plerumque intra perigynium 
flexuosus, caryopsis trigona vel triquetra.” 

In several respects the utricle of C. Engelmannii reminds of 
that of C. pulla Good. and its nearest allies, while we cannot 
agree with Drejer, that such types as C. microglochin, C. 
paucifiora and C. pulicaris should be looked upon as pri- 
mordial types of this same section. C. pulicaris, for instance, 
differs greatly from any of these by the structure of its utricle 
alone, and we suggest the affinity of C. microglochin and C. 
paucifiora rather to be sought among the Zchinostachye Dre}. : 
“perigynia vix inflata, demum plus minus squarrosa” both 
of which characters are readily recognized in C. pauciflora 
and its allies. As regards C. Breweri, this may “ad interim ” 
be retained as the only member of the Physocephala, and this 
section appears to be very near the Physocarpe, evidently 
parallel with this; but at present we are unable to refer it to 
any of the already established sections in which higher devel- 
oped types are represented. 


Brookland, D. C., April, 1902. 
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SCIENTIFIC INTELLIGENCE, 


I. CHEMISTRY AND PHysICcs. 


1. Probable Source of the Heat of Chemical Combination, and 
a New Atomic Hypothesis.—Professor T. W. Ricuarps has 
brought forward the very suggestive generalization that the con- 
traction exhibited during chemical combination is in many cases 
approximately proportional to the heat evolved; hence he be- 
lieves that the chief source of heat of chemical combination is 
the work performed in compressing the material. He gives an 
explanation upon the same basis of the mechanism of the heat of 
adsorption, adhesion and change of allotropic form. He is led, 
from these considerations, to the interesting hypothesis of com- 
pressible atoms, for the details of which, with ingenious applica- 
tions, reference must be made to the original article-—Proc. 
Amer. Acad., xxxvii, 399, and Zeitschr. physikal. Chem., x\, 597. 
H. L. W. 
2. Lithium Silicide.—By heating silicon with metallic lithium 
in a nickel boat in an exhausted tube, Morssan has found that the 
two elements combine and that the excess of lithium used may be 
distilled off between 400 and 500°, leaving a bright indigo-blue 
product in the form of brilliant crystals. ‘The compound has the 
composition represented by the formula Si,Li, and corresponds to 
the spontaneously-inflammable hydride of silicon, Si,H,, which 
was recently described by Moissan and Smiles. The lithium 
silicide is very hygroscopic, is violently decomposed by water, 
acids and the halogens, and, as would be expected, has very 
powerful reducing properties. Thus, when heated with the 
oxides of iron, chromium, manganese and calcium it gives the 
metals or alloys, but it does not decompose alumina.— Comptes 
Rendis, exxxiv, 1083. H. L. W. 
3. The Black Color of the Rocks in the Cataracts of the Nile. 
—Lorret and Hucouneng state that the rocks in the Nile rapids 
at Wady-Halfa and at Assouan, which are covered at the time of 
high water, are very smoothly polished and present a deep black 
color when visible at low water. This is not due to the colors of 
the rocks themselves, which are eruptive rocks and sandstones of 
various colors, but to a thin black coating. When this surface 
is treated with strong hydrochloric acid a brown liquid is obtained 
which loses its color upon heating, chlorine is given off and the 
_liquid gives reactions for manganese. This shows that the black 
coating is due to manganese dioxide. The rocks contain small 
quantities of manganese not in the form of dioxide, but the lat- 
ter is produced upon their polished surfaces.— Comptes Rendus, 
exxxiv, 1091. H. L. W. 
4. Bismuth-lead Sulphide-halides.—Three compounds, made 
by fusing lead halides with bismuth sulphide, have been described 
by Ducatre. They form very small acicular crystals in the 
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cavities of the mass which has been fused. The formulas given 
are 
PbS - Bi,S, 2 BiSCl, 
PbS - Bi,S, - 2BiSBr, and 
PbS Bi,S, 2BiSI. 


No evidence is given to show that the halogens are combined 
with bismuth rather than lead, hence it is not clear why the 
above formulas have been adopted instead of simpler ones which 
are perhaps more plausible on account of their less complicated 
form; for instance, PbCl, 2Bi,S,— Comptes Rendus, exxxiv, 
1061. H. L. W. 

5. The Atomic Weight of Uranium.—Ruicuarps and MeErt- 
GOLD have made a new investigation upon the atomic weight of 
uranium by analyzing uranium bromide, UBr, The method 
differs essentially from any that has been used hitherto for the 
purpose, and apparently the results are more reliable than those 
of previous investigators. The results show that this atomic 
weight is about a unit lower than the value that has been pre- 
viously accepted, the average of several closely agreeing deter- 
minations being 238°53.— Proc. Amer. Acad., xxxvii, No, 14. 

H. L. W. 

6. First Book of Qualitative Chemistry ; by Prescorr and 
Suttivan. Eleventh Edition. 8vo, pp. 148. New York, 1902 
(D. Van Nostrand Company, price $1.50).— This text-book, 
which has been in use since 1879, has now been entirely re-written 
in order to present the subject in the light of the modern theories 
of solution and of mass-action. Some attention is paid also to 
the classification of the Periodic System. The first 37 pages of 
the book are devoted to an introduction, chiefly of theoretical 
character, including concise presentations of the subjects of 
electrolytic dissociation, chemical equilibrium, solubility, etc. In 
the practical part of the book only a moderate amount of use is 
made of the ionic theory. The equations introduced are limited 
to the more difficult ones, and these are given without regard to 
ions. The book contains many satisfactory variations from the 
time-honored methods that have come down through Fresenius 
from Will and Rose, but it is surprising that the calcium sulphate 
method for testing for strontium, which was abandoned by 
Fresenius, is retained here, since the treatment of the nitrates 
with amyl! alcohol is a much more satisfactory method. 

The course outlined in this book is a rather extensive one, 
which is better adapted for beginners in college than for younger 
students. Abbreviated tables for analysis are adopted, but they 
are used in connection with many explanatory notes. Man 
teachers would prefer to have these. aids to thoughtless labora- 
tory work omitted altogether. H. L, W. 

7. Grundriss der qualitativen Analyse, von Dr, Bért- 
GER. 8vo, pp. xxii, 249. Leipzig, 1902 (Wilhelm Engelmann). 
—This text-book on qualitative analysis has been written from 
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the standpoint of the ionic theory, and comes from an assistant 
in Professor Ostwald’s laboratory. It is evident that the work 
has been very carefully carried out on the proposed plan, and it 
will be useful to those who desire to employ the modern theories 
of solutions in teaching the subject. Perhaps it is doubtful if it 
is advisable to give as much prominence to the doctrine of ions 
and the law of mass-action as is given in this book, particularly 
with beginners in the study of chemical analysis, but the tendency 
of teachers seems to be in this direction. 

The equations in the ionic form, which are extensively used in 
this book, appear more complicated and less easy to grasp than the 
usual equations, on account of the separation of the ionic symbols 
by the plus sign. For instance, the form of the usual equation, 


2AgNO,+K,CO,—Ag,CO, + 2KNO,, 
is changed to 
2Ag*+2NO,'+CO,” + 2K’=Ag,CO, + 2K* + 2NO0,’. 


This last equation does not represent the actual conditions with 
complete accuracy, because in moderately concentrated solutions 
ionization is not complete, and moreover it is not as easy to see, 
as in the first equation, what salts are mixed to produce the 
reaction. It would seem preferable, if ions are to be marked, to 
give equations some such form as the following one : 


2Ag*NO,' +Na,CO,"=Ag,CO, +2Na'NO,'. 


A somewhat loose statement is noticed in the explanation of 
ionization (S. 13) where it is stated that “always an equal num- 
ber (eine gleiche Zahl) of positive and negative ions is formed or 
disappears.” Of course these numbers vary according to valency. 

The author has not used the results of the more recent investi- 
gations in all cases. If he had carefully consulted Fresenius’s 
last edition, he would probably have pointed out the difficulty of 
detecting small quantities of silver chloride in the presence of 
mercurous chloride, and would have given a method for over- 
coming this trouble. He should have avoided the unreliable 
method of testing for strontium, in the presence of much calcium, 
with calcium sulphate solution. He should not have given the 
formula NH,Hg,Cl, but NH,HgCl+Hg for the familiar black 
substance produced by the action of ammonia upon mercurous 
chloride. The formula SbC],*5CsCl should have been 
3CsCl, as has been shown by at least four different investigators, 
the first of whom published his results in 1882. H. L. W. 

8. Reflection Power of Metals for Ultra-violet and Ultra-red 
Rays.—E. Hacen and H. Rusens extend their previous work 
on this subject, which extended from A= 450 to 700 wu. They 
abandoned their previous photometric method and adopted a 
heat method, consisting of the use of a linear thermal element 
(H. Rubens, Zeitschr. f. Instrumentenk., 18, p. 65, 1898). This 
heat method could be used as far as 221 pu; for the authors 
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discovered that an arc lamp gives carbon bands as far as this 
wave length in the ultra-violet which are of sufficient heating 
effect. Some of the results of the previous photometric work are 
corrected. 

The reflection power of silver falls off quickly below 450 pu 
and reaches a minimum of 4 per cent approximately at 320 yp. 
While silver for visible rays is the best reflecting of all metals, it 
is the poorest between 250-350 pu. Platinum, iron and nickel 
show approximately the same reflecting power. The reflecting 
power of speculum metal was investigated and is of especial 
interest in view of concave gratings. Magnalium shows an 
exceptionally high reflecting power. The reflecting power in the 
extreme ultra-red possesses far more regularity than in the visible 
and ultra-violet regions.—Ann. der Physik, 5, 1902, pp, 1-21. 

& 

9. Spark Discharge from Metallic Poles in Water. — Dr. 
Witsine of Potsdam believes that the peculiarities of the spec- 
trum of Nove can be explained by pressure, and accordingly has 
studied spectra produced by the electric spark in water where it 
is presumable that great pressure results. He arrived at the con- 
clusion that displacement of lines and double lines occurred 
which were in every way similar to those observed in the spec- 
trum of Nova Aurige. Sir Norman Lockyer has repeated Dr. 
Wilsing’s results and comes to the conclusion that shifts are 
obtained under water which are in opposite directions to those 
noticed in the dark lines of the spectra of Nove and that the 
shift in the star does not arise from pressure.—WVature, May 22, 
1902. 

10. Electrical Effect of Light. — P. Lenarp contributes an 
exhaustive paper on the effect of ultra-violet light in generating 
cathode rays, and the bearing of this phenomena on radio-active 
bodies. The velocity of the rays so excited is approximately 
iver Of the velocity of light. These rays show diffusiveness and 
must be absorbed in great measure by gases. ‘The method of 
measure was by means of loss of charge.—Ann. der Physik., 5, 
1902, pp. 149-198. J.T. 

11. Interference Tubes for Electrical Waves.— Various attempts 
have been made to employ Quincke’s resonating tubes for the 
detection of electric waves. Aucust Brecker has made a num- 
ber of measurements with such tubes and with a coherer. The 
waves were propagated along the surface of the tubes and issued 
into the air with scarcely diminished energy. Their length 
within the tubes was 10™ and in free air 7°5°". The tubes were 
filled with various liquids and the dislectrie constants determined. 
A list of such constants is appended.—Ann. der Physik, 5, _ 
pp. 22-62. 

12, Law of Velocity which Cathode Rays suffer by Reflection. 
—If there is such a law, the reflected rays should be more power- 
fully diverted by a magnet than the direct rays, E, Geuroke 
finds that this happens. As an exciter of the rays he employed 
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a static machine which gave a constant current. Different reflect- 
ing surfaces were investigated. The writer refers to the discov- 
ery of Hertz that thin metal films are penetrated by the cathode 
rays and draws the conclusion that the corpuscles can move 
within a metal without losing their charges. If one makes the 
further assumption, that the corpuscles also can lose in internal 
reflection, and that the loss of velocity of each corpuscle in¢reases 
with the number of collisions with the particles of the reflectors, 
one comes to the conclusion that a strongly absorbing body like 
platinum will give forth fewer corpuscles than a weaker absorb- 
ing body like magnesium. The author’s results seem to confirm 
this theory.— Ann. der Physik, 5, 1902, pp. 81-93. J. T. 

13. Role of Self-Induction in discharges of Electricity through 
Gases.—Various observers have shown that certain spectral lines 
disappear when suitable self-induction is employed in oscillatory 
currents. M. B. Earnitis studies the changes in heat effects pro- 
duced in the spark terminals by varying self-induction. M. A. 
pE GramonrT believes that the proper use of self-induction may 
lead in physical chemistry to a method of separating the spectra 
of dissociation of metalloids.— Comptes Rendus, May 5, 1902, 
pp. 1043, 1048. ; J. T. 

14. The Theory of Optics ; by Paut Drups. Translated from 
the German by C. Riborg Mann and Robert A. Millikan. Pp. 
546+xxi. New York, 1902 (Longmans, Green, and Company).— 
Very nearly a half of the volume is devoted to a compendious 
treatment of geometrical and physical optics, written in a clear 
but very condensed style. The rigid deduction and application 
of the Principle of Huyghens, founded upon the theoretical inves- 
tigations of Kirchhoff and of Voigt, will offer the most novel 
extensions to the familiar discussions of the current texts. 
It is difficult to conceive how a more admirable review of 
physical optics could be contained in so concise a form, and 
although it can hardly be regarded as a sufficient guide to a 
novice in this field, it is sure to give pleasure to every reader 
who possesses the requisite elementary knowledge. 

Section II, of 220 pages, develops the electromagnetic theory 
of light and applies it to the explanations of the enormously 
varied optical properties of bodies. It is impossible to indicate 
in a brief review the surprising extent of the phenomena dis- 
cussed with highly satisfactory completeness, or to point out 
the vast departure in style of treatment from the best known 
text-books on light. The last chapter of the section, however, in 
which the theory of Lorentz regarding the modifications which 
motion of the bodies in question introduces in optical phenomena, 
may fairly be cited as not the least interesting. 

The final Section treats, in three chapters, of the energy of 
radiation ; of the application of the second law of thermo- 
dynamics to pure temperature radiation; and of incandescent 
vapors and gases. These are broadly philosophical and illustrate 
the essential unity of all departments of physics. 
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As a whole, the book must be regarded as one of the most 
important recent contributions to scientific literature. The work 
of the translators appears to have been exceptionally well done. 

15. Elementary Principles in Statistical Mechanics developed 
with special reference to the Rational Foundation of Thermo- 
dynamics; by J. Wittarp Gipsss, Professor of Mathematical 
Physics in Yale University. Yale Bicentennial Publications. 
Pp. xviii + 207. New York, 1902 (Charles Scribner’s Sons).— 
In this last volume by Professor Gibbs we have, as it were, the 
conclusion of his earlier papers published so many years ago on 
the subject of the Eyuilibrium of Heterogeneous Substances. 

It rarely happens in science that there is one particular branch 
of it in which only one or two men can be considered as preémi- 
nent. To all intents and purposes this is the present condition 
in advanced study of thermodynamics. The scientific world, as 
a whole, owes a debt of gratitude to Professor Gibbs for at last 
giving in printed form such a clear and definite exposition of the 
Principles of Statistical Mechanics, with special reference to 
Thermodynamics. It is true that in this present volume the 
problem is treated as one of pure mechanics and not of thermo- 
dynamics ; nevertheless, one’s thoughts always turn to the latter 
to appreciate the physical meaning of the various equations. 

‘rhe best description of the scope of the volume is contained in 
the preface written by Professor Gibbs himself, from which the 
following remarks are quoted more or less accurately. In the 
first chapter there is the general problem of which may be called 
the determination of the fundamental equation of statistical 
mechanics and its integration. In the second chapter certain 
principles proved in the first are applied to the “Theory of 
Errors”; while in the third chapter the same principles are 
applied to the “Integration of the Differential Equations of 
Motion.” In the fourth and following chapters, making fifteen 
in all in the book, attention is directed to the consideration of 
statistical equilibrium of conservative systems, with special appli- 
cations to Thermodynamic analogies, such as Entropy, Tempera- 
ture, etc. 

It cannot be denied that the present volume is extremely diffi- 
cult reading, but one feels, as one masters it page by page, that 
there is obtained a deeper insight into the ultimate truths of 
Physics. It is not a book which a university student would in 
general find profitable reading, but it is one which every such 
student should add to his collection of choice volumes in order to 
have it at his disposal for reference or for consultation concerning 
many of the perplexing questions of Thermodynamics. J. s. A. 

16. Beitrdge zur chemischen Physiologie und Pathologie, heraus- 
gegeben von Fr. Hormeister. II, 5-6, 1902 (Vieweg u. Sohn).— 
in an earlier number of the Beitrige, Lewin concluded that indol 
and phenol may have their origin in metabolic processes in the 
animal body independent of putrefactive changes in the intestine. 
This view is now combatted by P. Mayer, as the result of an 
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experimental investigation of the excretory products found in 
phlorhizin diabetes. In the latter he finds no increase in the 
output of phenol, indol or glycuronic acid. Lanestern has con- 
tinued his study of the end-products of peptic digestion on crys- 
tallized egg-albumin. The compounds thus far definitely isolated 
include: leucin, tyrosin, phenylalanin, glutamic and aspartic 
acids, cystin, lysin, pentamethylendiamin, oxyphenylethylamin 
and a nitrogenous carbohydrate. The differences between peptic 
and tryptic digestion thus appear to be largely quantitative 
rather than qualitative in kind ; although in peptic digestion the 
biuret reaction persists. NxuBeRG and BLUMENTHAL report the 
formation of isovalerylaldehyde and acetone from gelatin, Bret- 
FELD, in an investigation of the iron content of the liver, found 
that the liver cells of women are, as a rule, decidedly poorer 
in iron than those of men. These differences do not appear 
until the age of 20 to 25. MacGnus—Levy has published the 
results of a comprehensive and interesting investigation of 
acid formation during the autolysis of the liver, under aseptic 
and antiseptic conditions. The non-volatile acids thus obtained 
include two lactic acids and succinic acid ; the non-volatile acids 
formed are: formic, acetic and butyric acids, The gases H, H,S 
and CO, also arise. The application to our knowledge of certain 
pathological conditions is pointed out. L. B. M. 


II. AND NaAturRAL History. 


1. United States Geological Survey. Examination of Forest 
Reserves and Adjacent Regions; by Henry Gannett. 21 Ann. 
Report, Pt. V, 711 pp. ; 143 pls.; maps in accompanying port- 
folio. This report includes descriptions of seven reserves and 
wooded areas in different parts of the United States. 

2, Minéralogie de la France et de, ses Colonies. Description 
physique et chimique des Minéraux; Etude des Conditions géol- 
ogiques de leurs Gisements; par A. Lacroix, Tome troisiéme, 
1* fascicule, pp. 1-400. Paris, 1901 (Librairie Polytechnique, 
Ch. Beranger, Editeur).—After an interval of nearly four years, 
the second volume of this most valuable work is now followed by 
the third. It contains the Oxides, Hydroxides, Nitrates, Plom- 
bates and Manganites. <A fourth volume, which is promised soon, 
will complete the whole. To the mineralogist, who is acquainted 
with the admirable features of the preceding volumes, it is un- 
necessary to say more than that the part now issued is carried 
through on the same plan and with like success. 

3. Size of Grain in Igneous Rocks in relation to the distance 
Jrom the Cooling Wall; by Aveustin L. QuENEav. Contribu- 
tions from Geol. Dept. Columbia University, vol. ix, No. 80, pp. 
181-195.—The Palisades (Triassic Diabase) and the minette dike 
of Franklin Furnace, N. J., were chosen as fields for the study 
of the causes of variation in size of grain in igneous rock. The 
method used is based on Lane’s work (Geol. Survey Mich., vol. 
vi), and the mathematical treatment upon the general theory of 
cooling presented by R. 8S. Woodward (Annals of Math., vol. iii). 
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4, The Eparchean Interval—a Criticism of the use of the 
term Algonkian; by ANpREw C. Lawson. Bulletin Dept. Geol., 
Univ. of Calif., vol. iii, No. 3, pp. 51-62.—In common with many 
geologists Professor Lawson believes that the term Algonkian 
has been used without sufficient regard for the accepted rules of 
nomenclature, and in such a way as to minimize the great interval 
of erosion between the Archean and the Animikie series of Lake 
Superior. The time sequence of the important rock groups of 
the Lake Superior province is believed to be as follows : 

( Camprran (Upper division or Potsdam only) 
| Unconformity. 
PALEOZOIC { Keweenawan. 
ALGONKIAN Unconformity. 
Animikie=Penokee= Upper Marquette. 
EPARCHAAN INTERVAL. 
Huron1an= Upper Keewatin= Lower Marquette, etc. 
Unconformity. 


LAURENTIAN, so called, granite gneisses, etc., (intrusive 
in the Ontarian) and the Carltonian anorthosites. 
Keewatin=Lower Huronian=Crystalline 
schists of south shore invaded by 
[granite-gneisses 


ARCHAAN 


| ONTARIAN 
Unconformity. 


Coutchiching. 


5. Former Extent of the Newark System ; by W. H. Hosss. 
Bull. Geol. Soc., vol. xiii, pp. 139-148, 5 tigs.—The prevalent 
opinion of geologists in regard to the Newark beds of the Atlantic 
border is that they were “deposited in “ local basins,” and never 
extended far beyond their present boundaries. Professor Hobbs 
argues that the marginal faults favor the “broad terrane” 
hypothesis and that the distribution of the coarse conglomerates 
is not opposed to this theory. For a number of other reasons 
Professor Hobbs joins Russell in the belief that the Newark areas 
of the entire eastern border of the United States are remnants of 
one widespread formation. 

6. Quaternary History of Southern California ; by Oscar H, 
Hersuey. Dept. Geol., Univ. California, vol. iii, No. I, pp. 1-30. 
1 pl.—In his studies of the California Quaternary, Mr. Hershey 
has examined the evidence of earlier writers and has added much 
that is new in regard to the sedimentation and crustal move- 
ments during the Quaternary. A time scale divided into seven 
epochs has been constructed and the character of the erosion and 
deposition of each epoch is given. 

7. Plissements et Dislocations de Vécorce terrestre en Gréce ; by 
Pu. Nreeris. Pp. 210; 2 maps. (Athens: C. Beck; Paris: C. 
_ Béranger.)—Earth movements, principally foldings on a large 
scale, have affected Greece and parts of Turkey since Jurassic 
times; the first movement (the Olympic) was pre-Cretaceous, then 
followed movements during the Cretaceous and the Eocene. The 
last folding (the Tenarus), which runs from N. to 8., began late 
in the Pliocene and affected all of Greece. The Tenarus folds 
are considered part of the world-wide crustal movements of late 
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Tertiary times. Outbursts of igneous rock—peridotite and tra- 
chyte—accompany the disturbances. 

8. The Old Tungsten Mine at Trumbull, Conn.;, by Wm. H. 
Hoses, U.S. Geol. Survey, 22d Ann. Rept., Pt. II, pp. 183-22.— 
This report gives a short description of the geology of this min- 
eral locality together with a detailed geological map of the 
region. The deposit is of interest chiefly on account of the occur- 
rence of the rare tungsten minerals, scheelite and wolframite, the 
latter occurring as a pseudomorph of the former. Other charac- 
teristic contact minerals are found associated with them. These 
minerals are found at the contacts between a crystalline limestone 
and two beds of hornblende-gneiss, which lie, one above and the 
other below it. The hornblende-gneiss is of igneous origin hav- 
ing the characteristics of a hornblende diorite, which, however, 
becomes gneissoid and altered near its contacts with the lime- 
stone. Considerable work has been done at the locality in the 
effort to develop a paying tungsten mine, but with little success. 

W. E. F. 

9. Peculiar Character of the Eruption of Mt. Pelee, May 8th. 
—-The writer, in a communication to the Connecticut Academy 
of Sciences, May 14, when only the first great eruption had 
occurred, maintained that the destruction of St. Pierre was due 
to the eruption of a great volume of exploding oxy-hydrogen 
gases, due to the decomposition of water by contact with the 
intensely heated lava deep within the volcano.* 

Subsequent investigations of the nature of the destruction 
wrought there, and the character of the later eruptions, have 
fully confirmed this view. 

At 2500° C. 50 per cent of the steam will be converted into 
these explosive gases at ordinary pressures, but at the enormous 
pressures within a volcafio it would require a higher temperature 
to effect this. But there is no doubt whatever that temperatures 
above 3000° exist within many volcanoes. 

It is, therefore, only necessary to suppose that the highly heated 
lava, by bursting through the intervening rock, came into sudden 
contact with a more or less extensive body of subterranean water, 
or even with porous rocks saturated with water, in order to ex- 
plain the sudden generation of explosive gases. 

If the subterranean waters thus converted into gases and 
steam were sea-water, the chlorine of the salt would also be dis- 
sociated from the sodium at the same or even lower temperatures, 
and this gas would also form an explosive mixture with a part of 
the hydrogen. By their union hydrochloric-acid gas would be 
produced, which is a highly irritating, poisonous and suffocating 
gas, powerful enough, even when present in small quantities, to 
destroy animal and vegetable life, as has happened in several of 
the eruptions of Vesuvius and other volcanoes near the sea. 
However, in the case of St. Pierre, nearly all the people were 
probably killed instantaneously by the outburst of intensely hot 


* See Science, May 16, 1902. 
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flames, due to the oxy-hydrogen gas explosions, which must have 
penetrated to the interior of all buildings, scorching and burning 
everything within reach, while the force of the explosions, 
analagous io that of dynamite, was sufficient to demolish the 
strongest stone buildings, tear the branches from the trees and 
rend their trunks, dismount large cannon and transport them 
some distance, and produce scenes of indescribable ruin of all life 
and property, as is well shown in recent photographs. Probably 
there were several of these explosive outbursts, following in rapid 
succession, though a single one might have destroyed all life in 
St. Pierre. 

The recent reports of Mr. George Kennan and of Professor 
Heilprin, who seem to have been the first to visit the new crater 
which destroyed St. Pierre, show that this crater is an oblique 
pit on the side of the mountain, facing St. Pierre, and with 
several tunnel-like openings in the perpendicular wall, pointing 
directly toward the city. Therefore, when the great eruption 
took place, the vast jets of explosive gases were ejected hori- 
zontally toward St. Pierre, which was thus swept by a “tornado of 
fire,” as if it had been in the focus of an enormous blowpipe flame. 

The burning gases and the very hot steam, resulting from this 
explosion, instantaneously spread out on all sides, far beyond the 
focus of the explosion, causing a wide zone of scorching and 
burning, but without the total destruction seen in St. Pierre 
itself. These hot and flaming gases caused the sudden burning 
of the upper works of the vessels and great loss of life, far 
beyond the limits of the more violent explosive action. 

The explosive gases and flames evidently reached St. Pierre 
sooner than the cinders and stones thrown out by the same out- 
burst of gases, but the oblique direction of the mouth of the 
crater was such as to produce a regular bombardment with hot 
missiles of this kind, which added to the destruction of the build- 
ings and to the debris in the streets. 

That the woodwork left on some of the buildings and the heaps 
of broken timber and trees in the streets were not burned up, 
was probably due to the heavy fall of rain that immediately fol- 
lowed the eruption, caused by the condensation of the steam in 
the upper regions of the atmosphere. 

Professor R. T. Hill, who reached Morne Rouge and witnessed 
a late eruption (May 26) of Mt. Pelee from there, saw horizontal 
flashes of light in the midst.of the vast column of steam and 
cinders emitted. These lightning-like flashes he attributed, no 
doubt correctly, to explosive gases. They were evidently due to 
the oxy-hydrogen gases, at that time greatly diluted with steam 
in the column of cinders, ete. 

Had the openings of the new crater been directed vertically 
upward, as is usually the case, the loss of life and property 
would have been comparatively small, because the destructive 
energy would have been expended in the upper regions of the air. 

This eruption, though of small volume, is of great scientific 
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interest because of its rare and exceptional character. In fact, it 
is the only example of this highly explosive type of eruption that 
has occurred in modern times under circumstances that permitted 
scientific examination, or the testimony of intelligent observers, 
Eruptions of this kind might well be designated as the oxy- 
hydrogen explosive type, the principal destruction being caused 
by the explosion of vast volumes of these gases, while in the 
much more common type of eruptions the explosions are caused 
mainly by the escape of steam under very high pressures. Ex- 
plosive eruptions of intermediate kinds, due to various mixtures 
of steam and the explosive gases, also occurred here. The later 
eruptions (as on May 26) from the summit crater of Mt. Pelee 
were evidently of this mixed kind, in which steam predominated. 
A. E, VERRILL. 

10. The Fuuna and Geography of the Maldive and Laccadive 
Archipelagoes. Edited by J. Srantey Garpiner. Vol. i, Part II, 
pp- 119-222, 7 plates, 16 figs.—The principal coral reefs of the 
Indian ocean were made the special object of study by an expedi- 
tion headed by J. Stanley Gardiner in 1899 and 1900. The pres- 
ent paper is a continuation of a previous report (this Journal, vol. 
xiii, p. 321) and contains the following papers on fauna : 

Amphibia and Reptilia, by F. F. Laidlow; Lepidoptera, by 
Ed.- Meyrick ; Echiuroidea, by A. E. Shipley; Sipunculoidea, by 
A. E. Shipley; Land and Freshwater Mollusca, by Edgar A. 
Smith; Pigments of Corals, by C. A. MacMunn; Marine Crusta- 
ceans, by L. A. Borrodaile ; Chaetognatha, by Leonard Doncas- 
ter; Dragon Flies, by F. F. Laidlow. 

Mr. Gardiner has continued his studies on the origin of the 
coral island groups (pp. 146-184) and finds that the subsidence 
theory is untenable for the great Maldive plateau. To quote the 
author: ‘ My conclusion then is that an almost flat plateau at a 
depth of 160 fathoms was at one time formed, and that on this 
the banks severally arose.” The details of the formation of the 
group are given graphically on page 183. Part III of vol. i is 
promised for October, 1902. 

11. Report on the Actinians of Porto Rico ; by J. E. Duerpen. 
Bulletin U. 8. Fish Commission for 1900, pp. 323-374, 18 plates. 
—This valuable paper is devoted largely to the anatomy and 
histology of the species treated, of which there were only thirteen 
in the collection. A single new species (Bunadosoma spherulata) 
is described. Two of the plates. give general views of five 
species. The other plates are devoted to sections, and are well 
executed. A. V. 

12. The Ascidians of the Bermuda Islands ; by W. G. Van 
Name. Trans. Conn. Acad. Sciences, vol. xi, pp. 325-411, 19 
plates. Feb. 1902.—This is an excellent monographic work on 
the Bermudian Ascidians, which had previously received but 
little attention. The total number of species and marked varieties 
is 46, representing 23 genera. Four new genera are described 
and 21 new species, besides 11 subspecies or marked varieties. 
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Most of the new forms and all the.new species are compound 
ascidians, which are unusually numerous at the Bermudas. Most 
of these were studied from living specimens, as well as from large 
series preserved in different media. Nearly all the species are 
illustrated by anatomical drawings, and most of the new ones by 
reproductions of photographs, showing the general appearance. 
Some of the photographs were made from living specimens, under 
water. It is altogether the most important work hitherto pub- 
lished on the ascidians belonging to the West Indian faunal area. 
A. E. V. 
13. Zhe Embryology of a Brachiopod (Terebratulina septen- 
trionalis) ; by E. G. Conxury. Proc. Amer. Phil. Soc., xli, No. 
168, pp. 41-76. 10 plates. 1902.—This is, in many respects, one 
of the most complete accounts of the early stages of a Brachiopod 
that has been published. The author adds a discussion of the 
zodlogical affinities of the Brachiopods, concluding that from 
embryological data they are nearest to Pharonis and the Polyzoa. 
A. E. V. 
14. Results obtained in Havana from the destruction of the 
Stegomyia fasciata infected by Yellow Fever; II. The Propa- 
gation of Yellow Fever; by Major W. A. Garcas, Medical 
Corps, U.S. Army. Sanitary Dep., Havana, Ser. 4, 1902.—These 
two papers are of great interest and importance as demonstrating 
that yellow fever in Havana is transmitted by this particular 
mosquito, and in no other way. The disease was fully controlled 
simply by destroying these mosquitoes in various ways, and pre- 
venting them from gaining access to fewer patients, by the liberal 
use of screens. By these means, and without special disinfection 
of rooms or clothing, the fever was reduced to a minimum after 
March, 1901, when this method wascommenced. No cases what- 
ever occurred during the four months from October to January 
inclusive, which has not happened before in 150 years or more. 
The average number of deaths from yellow fever from April Ist 
to December Ist, since 1889, had been 410.54, but by the anti- 
mosquito methods it was reduced to 5,in 1901. Yet in 1900, with 
the most careful and elaborate methods of ordinary disinfection, 
very little impression was made on the yellow fever, for there 
were 1244 cases and 310 deaths in 1900, but in 1901 there were 
only 18 deaths, 12 of which occurred in January and February, 
before the destruction of the mosquitoes was commenced. Yet 
the conditions were in other respects very favorable for a bad epi- 
demic in 1901, for about 40,000 non-immune emigrants had 
arrived,—a larger number than ever before. In view of such 
results there seems to be no doubt whatever that the true source 
of the yellow fever infection has been demonstrated and also 
that the disease can be easily and surely controlled in all cases, if 
suitable care be used to destroy this pernicious mosquito. More- 
over, the same efforts will simultaneously eradicate the malarial 
fevers. A. E, V. 
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III. MiIscELLANEOUS SCIENTIFIC INTELLIGENCE. 


1, Smithsonian Institution.—The following papers have been 
recently issued from the Proceedings of the U. 8. National 
Museum : 

1269. The Mammals of the Andaman and Nicobar Islands ; by 
Gerrit S. Miller. Pp. 751-795. 

1271. Review of the Larks of the genus Otocoris ; by Harry 
C. Oberholser. Pp. 801-884. 

1272. New Decapod Crustaceans from the West Coast of 
North America; by Mary J. Rathbun. Pp. 885-905. 

1273. A newly ‘found Meteorite from Admire, Kansas ; wy 
George P. Merrill. Pp. 907-913. 

1274. Distribution of three new Birds from the Southern 
United States ; by Edgar A. Mearns. Pp. 915-926. 

Descriptive Catalogue of Meteorite collection in U.S. National 
Museum to Jan. 1, 1902; by Wirt Tassin. Rept. 1900, pp. 671- 
698. 3 pls. 

2. United Stutes Weather Bureau: Wind Velocity and Fluc- 
tuations of Water Level on Lake Erie ; by Atrrep J. Henry. 
Dept. of Agriculture, Bulletin J. 22 pp., 13 plts.—The data col- 
lected by the Weather Bureau for many years has been tabu- 
lated and furnishes the basis for an interesting study of the 
seiche” of Lake Erie. 

3. Scientia.—The valuable series published in Paris by G. 
Carré and C. Naud under the above name has received the fol- 
lowing additions : 
arr par F. M. Raoult. (Phys.-Mathématique, No. 13) pp. 106, 


Franges.d’interférence et leurs applications Métrologiques ; par J. Macé de 
Lépinay. (Phys.-Mathématique, No. 14) pp. 101, 1902. 

La Géométrie non Euclidienne; par P. Barbarin. (Phys.-Mathématique, 
No. 15) pp. 79, 1902. 

Le Phénoméne de Kerr et les phénoménes Electro-optiques ; par Eugéne 
Néculecéa, (Phys.-Mathématique, No. 16) pp. 91, 1902. 

Théorie de la Lune; par H. Andoyer. (Phys.-Mathematique, No. 17) 
pp. 86, 1902. 

Géométrographie ou Art des Constructions géométriques; par Emile 
Lemoine. (Phys.-Mathématique, No. 18) pp. 87, 1902. 


4, Ostwald’s Klassiker der Exakten Wissenschaften. Leipzig, 
1901-1902 (Wilhelm Engelmann). The following are recent 
additions to this valuable series: 

Nr. 124. Abhandlungen zur Thermodynamik, chemischer Vorgiinge ; von 
H. Helmholtz. Pp. 83. 

Nr. 125. Untersuchungen iiber den Salpeter und den “? i Luft- 
geist, das Brennen tind das Athmen; von John Mayow. Pp. 56 

Nr. 126. Experimental- Untersuchungen tiber Electricitiit (Ix bis XI 
Reihe); von Michael Faraday. (London, 1835.) Pp. 106. 

Nr. 127. Die Auflésung der bestimmten Gleichungen; von Jean Baptiste 
Joseph Baron Fourier. (Paris, 1831.) Pp. 263. 

Nr. 128. Experimental-Untersuchungen iiber Electricitit, XII und XIII 
Reihe); von Michael Faraday. (London, 1838.) Pp. 133. 
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Just out: 


THE NEW PENFIELD COLLECTION OF CRYSTAL-MODELS 


225 models to illustrate Chapter V of the 
Brush-Penjield Determinative Mineralogy and Blowpipe Analysis. 


“A feature of the collection is that with only a few exceptions the models rep- 
resent prominent types or habits of common minerals. . . . he models, moreover, 
illustrate a very important feature of crystals, namely that the forms which are 
prominent and determine the crystal habit are, with few exceptions, those to 
which simple indices may be assigned. 

‘‘Tt is certain that those who are studying crystallography will find it a great 
advantage to have at hand not only models which correspond to a standard text, 
but, also, types which have been carefully selected as representatives of the 
important classes of crystals in the mineral kingdom.”—Samvue. L. PENFIELD. 

New HAVEN, Conn., February 1, 1901. 


Collection of 225 models (of pear-tree wood), . ‘ : 230 Marks. 


Now ready: 
The new collection of 335 specimens and sections 


of rocks, 
according to 


H. Rosenbusch: Elemente der Gesteinslehre, 2d ed., 1901, 


Accompanied by a text-book: ‘ Petrographisches Praktikum,” giving a short 
description of the petrographical microscope and how to use it, and also of the 
macroscopical and microscopical features of all the specimens of this collection; 
Arranged by Prof. Dr. K. Busz of Miinster i. W. 

This collection is intended for the practical use of students and contains typical 
representatives of all important types of rocks, massive as well as sedimentary 
and crystalline schists. Aided by the text-book it will be found easy to become 
acquainted with the use of the microscope, with the features exhibited by rock- 
forming minerals and with determination of the latter. 

Out of this collection two smaller ones have been arranged of 250 and 165 
specimens respectively : 


Collection I. 335 specimens of rocks, . 380 Marks. 


“ 


II. 250 specimens of rocks, . 270 
II*. 250 thin sections, ‘ 310 
III. 165 specimens of rocks, . 170 
III*. 165 thin sections, . 205 


Collections of Minerals, Fossils, Meteorites purchased for cash or 
exchanged. 


DR. F. KRANTZ, 


RHENISH MINERAL OFFICE, 


BONN-ON-RHINE, GERMANY. 
ESTABLISHED 1833. ESTABLISHED 1833. 


Dynamical and Structural Geology 


A few of the more important and showy forms recently received in this 
department are: 

ORBICULAR GRANITE. 

Kortfors, Sweden. Of this interesting rock we have but three specimens on 
hand. The concretions are mainly hornblende imbedded in a coarse-grained 
light colored granite, making a strong contrast between the matrix and the con- 
cretions, the latter being from 24 to 3 inches in diameter ; polished slab 8 x 19 in. 
in diameter, $20.00; larger, $22.00 and $30.00. 

Kangasniemi, Finland. In this rock the concretions are light colored sur- 
rounded by bands of hornblende, the compactness of the concretion forming a 
strong contrast to the coarse crystalline structure of the matrix. The concre- 
tions range from 4 to 6 inchesin diameter. Specimens from $6.00 to $30.00. 

Quonochontaug, Rhode Island. This is the only Orbicular Granite we 
have ever seen from America. The concretions are mainly hornblende with 
granite centers intermediate in color between the above two, and average from 
1 to 2% inches in diameter; polished slices from $6.00 to $13.00. 

Orbicular Diorite (Napoleonite, Corsite). This well-known rock is now 
quite rare. The concretions, consisting of Anorthite, Hornblende and some 
Quartz, are comparatively uniform in size, averaging about 1} inches in diameter ; 
magnificently polished slabs of this rare rock from $4.00 to $15.00. 

The above four rocks present a fine suite of concretionary structure as dis- 
played in eruptive rocks; tracings of slices with size and position of concretions 


sent on application. 
FAULTED SANDSTONE. 

Hot Springs, S. D. We have a few specimens of this beautiful sandstone 
consisting of narrow layers ranging in color from light yellow to dark purple, 
showing in some instances from 3 to 10 distinct faults on same slab. 

Slabs from $1.00 to $3.50. 


TRAP DIKES IN GRANITE. 

Norway, Maine. A fine suite of these either in polished slabs or the rough 
masses, some showing single dikes, others showing two dikes on same slab from 
a fraction of an inch to 2% inches in diameter; 50c. to $15.00. 

Three polished slices showing crossed dikes, with a fault at contact of the two 
dikes, $6.00 to $8.00. . 


METAMORPHISM. 

Blue Pyroxene partially changed to Serpentine, from Gila River, N. M., the 
centers of these polished slabs being a light azure blue pyroxene with its edges 
changed to a tranlucent rich colored Serpentine, a beautiful combination of color. 
We have but a half dozen slices of this rare rock on hand. $3.50 to $6.00. 


PHENOMENAL SERIES OF ROCKS. 
We have just compiled a collection consisting of 83 specimens illustrating 
Dynamical and Structural Geology, specimens averaging 3x4 inches. Price, 


$45.00. 

This collection is accompanied by a descriptive catalogue describing the various 
phenomena as represented in the collection. 

Circulars on application. 


Waro’s Naturat Science EstaBlisHMENT 


76-104 COLLEGE AVE., ROCHESTER, N. Y. 
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For rapidly and THE TUCKER APPARATUS No escape of air. 


accurately 
Patented COz determined 
determining Jan. Ist, 1901 without 


Ash and removing ash. 
Volatile 


Ingredients Literature on 


application. 


A few of its ’ 4 j eeu This is only one 
advantages of the many 
Uniform, rapid, forms of Plati- 
num Apparatus 


charring, com- . # made by us 
: Our “Data Con- 

— request, 

A sure supply 


of air, Let us know if 


you wish 

anything made of 
Platinum. All 

of our work 
hammered and 
guaranteed. 


No washing out of 
volatile substan- 
ces necessary, 


BAKER & CO., 410 R. R. Ave., NEWARK, N. J. 
N. Y. OFFICE, (20 LIBERTY STREET 
Sole M’frs. of Howard Density Regulator, Shimer Crucible, and Tucker Apparatus. 


DANA’S WORKS. 


AMERICAN Book Co., New York.—Manual of Geology, by J. D. Dana. Fourth 
Edition, 1895. 1088 pp. 8vo. $5.00.—Text-book of Geology by the same. 
5th ed. revised by Wm. North Rice, 1898. 482 pp. 8vo. $2.00.—The Geo- 
logical Story Briefly Told, by the same. 264 pp. 12mo. 

J. Witey & Sons, New York.—System of Mineralogy of J. D. Dana. 6th 
edit. by Epwarp S. Dana. Ixiii, 1134 pp. large 8vo., 1892. $12.50. Appen- 
dix I, 75 pp., June 1899. $1.00. 5th edit., 1868, with three appendices, 
1872, 1875, 1882. $5.00.—Manual of Mineralogy & Lithology, by J. D. 

‘Dana. 4th edition. 517 pp. 12mo., 1887, $2.00.—Text-book of Mineral- 
ogy, by E.S. Dana. Revised editian. 593 pp. 8vo., 1898, $4.00.—Minerals 
and How to study them; a book for beginners in Mineralogy, by E. S. 
Dana. 380 pp. 12mo., 1895, $1.50.—Text-book of Blementary Mechan- 
ics, by E. S. Dana. 300 pp. with numerous cuts, 12mo., 1881. 

Dopp & Mgap, New York.—Corals and Coral Islands, by J.D. Dana. 440 pp. 
8vo. 3d ed., 1890.—Characteristics of Volcanoes, with contributions of 
facts and principles from the Hawaiian Islands, by J. D. Dana. 399 pp. 8vo. 
With illustrations, maps, etc. 1890. 


— 


The American Journal of Science 


ESTABLISHED BY BENJAMIN SILLIMAN IN 1818. 


THE LEADING SCIENTIFIC JOURNAL IN THE UNITED STATES. 


Devoted to the Physical and Natural Sciences, with special refer- 
ence to Physics and Chemistry on the one hand, and to Geology and 
Mineralogy on the other. 

Editor: Epwarp 8S. DANA. 


Associate Editors: Professor GEORGE L. GOODALE, JOHN TROWBRIDGE, 
W. G. FarRLow and Wm. M. Davis, of Cambridge; Professors A. E. 
VERRILL, HENRY S. WILLIAMS and L. V. Pirsson, of New Haven; Pro- 
fessor G. F. BARKER, of Philadelphia; Professor JOSEPH S. AMES, of 
Baltimore ; Mr. J. 8. DILLER, of Washington. 

Two volumes annually, in MONTHLY NUMBERS of about 80 pages each. 

This Journal ended its first series of 50 volumes as a quarterly in 1845; its 
second series of 50 volumes as a two-monthly in 1870; its third series as a 
monthly ended December, 1895. A FourtTH SERIES commenced in January, 
1896. 


ConTRIBUTORS should send their Articles two months before the time of issuing 
the number for which they are intended. The title of communications and the 
names of authors must be fully given. Notice is always to be given when com- 
munications offered have been, or are to be, published also in other Journals. 

Thirty separate copies of each article will be furnished to the author free of 
cost and without previous notice from him. They will be provided with a plain 
cover (but with reference to volume and year). If the author orders separate 
copies, they will be understood to be in addition to the thirty mentioned above, and 
he will receive a bill for the extra expense involved, as also for that of a printed 
cover (with title, etc.), when this is specially ordered. These charges will conform 
to the following schedule; the rates will be somewhat increased if the article is 


accompanied by plates. 


No. Copies. 50 
$1.75 | $2.25 $2.75 $3.25 $4.25 
eS 2.75 | 3.25 3.75 | 4.50 6.00 
3.25 | 4.00 5.00 5.75 7.50 
$1.00 | $1.25 $1.75 | $2.25 $3.00 


Subseription price $6 per year or 50 cents a number, postage prepaid in the 
United States; $6.40 to foreign subscribers of countries in the Postal Union. A 
few sets on sale of the first, second and third series at reduced prices. Ten-vol- 
ume index numbers on hand for the second and third series, 

(GS Ten-volume Index, Vols. I-X, fourth series, price one dollar. Now ready. 


Address, 
THE AMERICAN JOURNAL OF SCIENCE, 
New Havén, Conn. 


i 
- 
. 
A 
A 
3 
a 
3 
4 
. 


